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CHAPTER I

Intrcduction

Apart from some large estates, the use of chemical fertilizers
started in Ethiopia in 1,07 and since its use has risen considerably.
Ethiopia is largely an agrarian country; its crops are needed to feed
the population and moreover the export of agricultural products is

a major source of foreign currency.

The Government, through the Ministry of Agriculture and its
organizations of which EPID-(Extension and Project Implementation
Department) is a very important one, stimulates the use of improved
farming methods, including the use of fertilizers. Prantically FAO
officials run the EPID fertilizer distribution schemes and are
responsible for demonstration plots and training. In Annex C-2

the names of the four FAO experts are mentioned. In 1971 under EPID
supervision the '"Minimum Package Programme'" (MPP) came into operation.
Other important development programmes are '"Chilalo Agricultural
Development Unit" (CAIDU) and "Wollamo Agricultural Development Unit"
(WADU), These programmes aim to help farmers to arrive at improved

methods, they arrange for marketing centres etc.

The success of these programmes was great and their extensions
continue. It can be said that the response of Ethiopian farmers as
experienced by EPID was very positive and beyond the original expectations.

No doubt this will lead to a growins use of fertilizers.

In 1972 a UNIDO te_a.m consisting of Mr. J.S. Garrer, Mr. M.E. Gertsch
and Mr. K.A. Sherw'in investigated the Ethiopia situation as to
fertilizers. Gertsch made a Demand Projection study, Sherwin
reported about Fertilizer Procurement Distribution and Garrer

made a final report to which was added a study on the poassibilities
of establishing a fertilizer complex in Ethiopia. In the first

phase a bulk handling and bagging plant was foreseen exclusively for
bagging diammonium phosphate and urea. In the later phase

the production within the country of DAP and of urea from phosphoric

acid and ammonia is foreseen. Raw materials should be sulphur,

rockphosphate and naphta.,
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CHAPTER I

Introduction

A part from some large estates, the use of chemical
fe:tilizers started in Ethiopia in 1967 and since its
use has risen considerably. Lithiopia is larsely an
agrarian country; its crops arc needed to feed the
population and morcecover the export of agricultural
products is a major source of foreign currency.

The Government, throurh the liinistry of Apriculture
and its organisations of which HPID (Xxtension and
Project Implementation Department) is a very important
one, stimulates the use of improved farming methods,
including the use of fertilizers. pPIQN;ncorqugzgd
the F.4.0. fertIIIZPr Prqg‘amme. In 1971 under EPID
supan1SIBﬁ the "11inimum Parkage Programme" (MPP)
came into operation. Other important Development

Programmes are "Chilalo sgricultural Vevelopment Unit"

(CADU) and "Wollamo Arricultural Uevelopment Unit"(WabU).

These programmes aim to help farmers to arrive at

improved methods, they arrange for marketing centres ete.

The suceess of these programmes was great and their
extensions continue. It can he said that the response
of Ethiopian farmers as experienced by EPID was very
positive and beyond the orifinal expectations. io
doubt this will lead to a growine use of fertilizers.

In 1972 a UNLIDO team consisting of ilr. J.3. Garrer,
Mr. M.E. Gertsch and Mr. K.i. Sherwin investigated
the Ethiopia situation as to fertilizers. Gertsch mnde
a Denand Projection study, sherwin reported about
fertilizer Procurement Distribution and Garrer made

a final report to which was added a study on the
poseibilities of establishing a fertilizer complex

in Ethiopia. 1In the first phase a bulk handline and
barging plant was forescen exclusively for bamging
diammonum phosphate and urea. In the later phase

the production within the country of DAP and of urea
from phosphoric acid and ammonrina is foreseen. Raw
materinls should be sulphur, rockphosphate and naphta.
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j
-phase a jetty should be constructed allowing to convey matgrials i

Neither in the Demand Projections nor in the production
is foreseen in other fertilizers but AP and urea. lore specifically
neither the use of mixed fertilizers nor the use of compounds was foreseen or

recommended.

However the experiences of EPID/FAO were different. It turned out
that the use of mixed fertilizers and more specifically the use of

gradeg 1:1:0, 1:1.5:0 and 1:2:0 should be recommended as these

" fertilizers enable farmers to apply the necessary amounts of nutrients in

the easiest way. From 1974 on mixed fertilizers of grade 1:1:0 are
imported., The use of mixed fertilizers is expected to grew and
therefore the implementation of a mixing plant should be studied and a

new Demand Projection has to be made,

As a result a new project was formulated named "Bulk Handling,
Mixing and Bagging Plant for Fertilizer, Project No. IS/ETH/73/009/Rev.1.
The Terms of Reference to this project were agreed upon on 19 Sep.1974

" after my arrival in Ethiopia in Sept. 1974; they are added as an

annex to this report.

It was recognized by Jarrer and his team that the fertilizer

factory should be established near a harbour. Their arguments

are invariably valid at present. Assab (one of the two Ethiopian
harbours. Both are situated at the Red Sea coast; see map in

Chapter 1V) is tQF best choice as its situation to the Ethiopian
interior is better than that of Massawa, the other Ethiorian port,

When after some years production of phosphoric acid and its derivates
is feasible the arguments to be in the immediate vicinity of

harbour are even more valid., It was recongnized that all circumstances
allow to start the implementation of the mixing and bagging plant without

dealy.

The best site to build the factory in Assab is at the coast at
about 4 km south of ‘he town of Assab, near the road to Addis
Ababa and in the neighbourhood of an 0il refinery. Unloading of
raw materials is provided for at Assab-harbour and materials are

to be transported to the factory by tipping trucks. 1In a later

into the factory without the use of trucks.
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Neither in the Deuand Projections nor in the production
ig forescen in o'her fertilizers but UsP and urea. lore
specifically neivher the use of mixed fertilizers nor the
use of compounds was forcscen or recommended.

However the expericnces of DPID/FAQ wore different. It
turned out that the usc of mixed fertilizers and more
specifically the use of prades 1:1:0, 1:1.5:0 and 1:2:0
should be recommended as these fertilizers enable farmers

to apply the necessary amounts of nutri:nts in the easiest
way. From 1974 on mixed fertilizers of grade 1:1:0 are
inmported. The use of mixed fertilizers is expected to

grow and therefore the implementation of 4 mixing plant
should be studied and a new Demand rrojection nas to be madc.

48 a result a new project was formulated named "Bulk Handling,
fiixine and Bapgming Plant for i:rtilizer, Project No. IS/ETH/
73/009/ Rev 1. The lerns of .cfercice to this project were
agrced upon on 19 Jent 1974 after my arrival in Ethiopia on
Sept 19745 they arc 2dded as an amiex to this report.

It wis recognized by Garrer and his team that the fertilizer
factory should be cstablished near a2 harbour. Their Argu-
ments are invariably valid at prescnt. ssgb_is the best
choice as its situation to the Kthiopiar

. interior is better
than that of Massawa, the other uthiopian port. When aftoer
sone years production of phosphoric acid and its derivatoes
is feasible the arsuments to be in the immediate vicinity
of a harbour are even more valid. It was recogrized that
all circur.tanccs allow to start the implementation of the

mixing and bagging plant without delay.

The b:st site to build the factory in ..ssab is at the
coast at about 3 km south of th. town of Assab, near the
road to Addis ‘baba 1d i the neirhbourhood of an oil
refinery. Unloading of raw nm:terials is provided for

at assab-darbour and nat .rials are to be transported %o
the factory by tippin~ trucks. In a latoer phase a jetty
should be constructed allowiry to co' vey materials into
the factory without th. uce of trucks.
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The factory in its first phase should contain appropriate
equipment and buildings to store raw materials and bagged

fertilizers, a bulk blending mixing plant and a baggingplant.

Transportation to primary storages mainly should be done by
trucks. A smaller part to be used in the norther part (Eritrea)

should be shipped to Massawa by sea going vessel and further by
truck or train.

It is important to realize a regular schedule of transportation;
in that case a relative small storage of bags at the factory site is
needed.

The Engineering and Economical Departments of the Agricultural and
Industrial Development Bank (AID-Bank) helped in my activities.
Discussions, reviews and participations added to the fullfilment

of my task. I am greatly indebted to Ato Wondwossen Sahle,

.Ato Tadewos Harege Work, Dr. E.H.G. Gowen, Ato Lemma Merid and

Ato Makonnen Abraham for their contributions and their interest.

I feel grateful for the cooperation with EPID/EAO and I wish to thank
Dr. K. Zschernitz, Mr. H.H. Scharling, Mr. H. Holmberg and Mr. A.V.E.
Slangen with whom I had many most fruitful discuseions and who

gave valuable informations.

In this report the metric system is used. Dollar amounts
mentioned refer to'Ethiopian Dollars, unless stated other wise.
(1 US$ = 2.07 Eth., § in April 1975)
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The factory in its first phase should contain
appropriate equipment and buildinfs to store
raw materials and bagred fertilizers, a bulk
blending mixing plant and a bap-ing plant.

Iransportation to primary storares nainly
should be done by trucks. . sniller part
to be used in the rorther part (Eritrca)
should be shipped to Massawa by scn poing
vessel and further by truck or train.

It is important *o rcalizc a repgular schedule
of trot.sportation; in that case n relative
smell storare of bags at the factory site is
needed,

The uwnfineerine and Scoomical vepartuents of

(xiD-Ban holped in my activities., Discussions,
fToWS and p i ticipations ndded to the full-

filmert of nmy task, I am greatly indebted to
4ato Wondwossen Sahle, .to Tadewos Hirere Work,
Dr. E.H.G. Gowen, ato Lemma Merid and ato
Makonren .braham for their contributions and
their interest. I f:el prateful for the
cooperation with ZPID/F.A.0. 2nd I wish to
thank Dr. K. ZschorgiEg, r. H.H. >charling,
Mr. H. Holmberg ond Mr. ..V.E. slangen with
whom I had many riost fruitful discussions and
who (ave valunhle informations.

In this report thc retric system is uscd.
Dollar amounts mcntioned refer to Lithiopian

Dollgrs, unless stated th%fwise? ,
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Summar,

Fertilizer use in Ethiopia has developed since 1967 at a rate
of 49% per year. The use of fertilizers has been introduced

to small farmers by EPID/FAO; their msponsive was positive.

Based on data and informatious of officials of EPID/FAO,
Ministry of Agriculture and others a demand projection could

be made. A growth rate of about 20% per year is considered by

., FAO as realistic. The results are that the consumption should

rise from 65,000 tons (contairing 22,700 tons of P,
15,400 tons of N) in 1974/75 to 424,000 tons of fertilizers

(containing 132,000 tons of PZOS and 1,134,000 ‘ons of N) in 1983/84.
Alternative growth rates of 15% and 25% are presented in Chapter III

05 and

Tables 6 and 7. Plans to improve infrastruciure, land tenancy
conditions are drawn up and their implementation has started.
The realization of these plans is of utmost importance to achieve

the goals of the demand projections.

The demand projections justify the establishment of a fertilizer
production complex, At the start a bulk blending unit and bagging
facilities will satisfy the needs. About 1979 a sulphuric acid
plant, a phosphoric acid plant and diammonium phosphate plant
should be on stream. Raw materials are sulphur, phosphate rock and
liquid ammonia, These products should be imported. These are
indications of dep'osits of sulphur and phosphate rock in Ethiopia,

but very little is known about.

Natural gas deposits are found at great distance from Assab.

At present there ig few information as to quality and quantities.

It might be a raw material for ammonia production; in that case

export of excess N-fertilizers is necessary. About 1981 the consumption
of mixed fertilizers reaches a volume of 140,000 tons per year.

It should then be considered to replace the bulk tlending
unit by a compounding plant.
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Summary

Fertilizer use¢ in isthiopia nas develop.:d since 1967
at a rate of 49% per year. The usc of fertilizers
has been introduced to small farmers by EPID/FaO;
their responsive was positive.

Based on data aud informations of officials of
EPID=-Fu0, Ministry of a~riculture and others a
demand projection could be mndc. A growth rate of
about 20% per year is considered[as realistic. The
results are that the consumption shoul? ris- fronm

65,000 tons (containing 22,700 ton of P205 a:d k‘ e ‘.-»;
15,400 ton of N) in 1974/75 to 424,000 tos of G Ko
fertilizers (co taining 132,000 ton of P05 and e it
1,134,000 tor of Ii) in 1983/84.@1312'15 to improve = Guow~ G
infrastructure, land tonnncy conditions are drawn L‘*Sk

up ad their impl mentation has started. The
realisation of thesc plans is of utmost importance
to achieve the gonls of the demand projections.

The demard projections justify - the establishment

of a fertilizer productio complex. at the stirt a
bulk blerding unit 1.d bagging facilities will satisfy
the needs. .about 1979 a sulphuric acid plant, a
phosphoric acid plant and a diarmmonum phosphate plant
should be on strean. Raw matoerials are sulphur,
phosphate rock and liquid ammonia. These products
should be importcd. These arc indications of deposits
of sulphur aud phosphate rock i: Ethiopin, but very
little is know! 1ibout.

Natural gas deposits ar: fou:id at great distaice fron
assab. At presert there is few informntion as to
quality and quartiti s. It night be a raw naterial

for ammonin production; i~ that case export of cxcess
N-fertilizers is recessary. .about 1981 the consumption
of mixed fertilizers rcnches a volurme of 140,000 ton
per year. It should thern be considercd to replnace

the bulk blending uuit by = compounding plant.
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Il the carly stages of production of mixed fertilizoers
ad of bageing activitics raw mat.rials have to be
unload.d at .ssab-iHarbour. irongportation to the
factory-site at 4 km distance h-s tc bo done by
tipping trucks. If volunes to be handled ircrcase
2:d this rmore urgently applics to the situation in
which sulphur, phosphute rock otc have to bo inported
a jetty near the fagtory should bo available., The
Jetty should bc equipp:d with harbour crane(s) and

a belt conveyor systom, thus eliminatinz the use of
trucks. The constructio': of this Jotty is being
studicd. Its implomettition should be realised

in 1979. A storase for 15,000 ton of raw materials
equipped with bucket clevator 1nd beltconveyor is
forescoen.

Tne mixing plant should have a capicity of 40-50 tons/hr.
Several plants of this capacity have been built in U.3. ..
based or batch processine and are functio ing at full
satisfaction. The unit should co-tain a screen to renove
lumps, a lumpbreaker; a batch welghing scale 1d a rotary
batch nmixer. Conveyiug cquipment and hoppers complote
the plat,

Fillers should be usecd in mixing proccdures. The iinistry
of Mities investifates deposits of (coral) sands that

might supply appropriate filler naterial., These investi-
Zations will be complet:d soon.

Two bagsmiug units are forescen,cach of 40-50 tons
hourly capacity. as only bagrmed fertilizer are to be
delivered the mixing unit should dischrge directly into
a bagging unit. The second bagging unit is to be used
for the bagei'r: of straight fertilizers. A storage for
1000 to:n of bagged fertilizers is forescen.

=
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Auxiliary services and uiiliti2s should contain water
supply, power station, workshop, fuel station for trucks,
a truck weigher eatc. An office building should contain

as well laboratory, canteen, first aid room etc. Water and
electricity mains are at short distance (several hundreds

of meters) from the site.

Raw materials for mixed fertilizers are mainly MP, urea,some TSP

and a filler. Very small amounts of potassium fertilizer are

' projected.

Bags preferably should be a woven bag with an inner made out of
p.e. This type of bag has proved to be able to stand the service
conditions of transportation to the final consumer. If the
infrastructure is improved it should be investigated to use

a thick p.e. bag without woven outer bags. At present woven

bags and p.e. bags are produced in the country.

The transporttion of bagged fertilizers from the factory

iﬁ Assab, into the country for the greater part has to be

done by trucks. Part of the fertilizers destined for the northern part of
the country can be transported by coaster-ships and subsequently

by train and by truck.

It is essential that truck transport is easily and permanently
available to avoid accumulations of stocks of bagged fertilizers

at the factory.

Personnel is easily available and much of the equipment could

be operated normally, thus avoiding expensive and sensitive
automatic equipment. Foremen, laboratory techniciansand some of
the operators have to be properly trained. The manager should
have experience in processing industries and specific training

in a mixing and bagging plant.
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Investment costs of the complete mixins and bagging
plant including bulk handling facilities, storage
for bagged fertilizers utilities and auxiliaries is
estimated at $5, 200,000,

The operating costs of the bulk handling activities
inlcuding unloading of ships and transpartation to the
factory is calculated to be $2.18 and $1.62/ton respectively
for yearly volumes of 100,000 tors and 200,000 tons.

The operating costs of the handling of raw materials

and of bagged fertilizers plus the cost of mixing

and bagging operations are $10.18 and 35.85 per ton
respectively for volumes of 100,000 and 200,000 tons

per year,

Based on quantities to be handled in 1976/77 a
calculation was made about cost of import of bagged
fertili zers as processing in Assab., A difference of

9.35 million results in favour of processing in Assab,

Working capital requirements were calculated to be for:-

1976/17 $9278,000 1979/80 $9,400, 800
1977/18 $9, 003,600 1980/81 89,617,400
1978/79 89,211,300

»
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Conclusions and Rocomniondations

4 bulk handling mixinge o»d bareing plant shruld be

built i+ assab without delay.
For unlondi:gg activitics at issab-Harbour grabs to

be usced with the ship's genr and appropriate hoppcers
should be purchased. 1 Tleot of 8 tippivg trucks to
be loaded at the hoppurs is nceded for transportation
to the factory storage. This storage should have a
capacity of 15,000 to:us.

When purchnsing raw matzrials care should be taken
as to specifications. “mportant for mirig activities
is granule size and all mnterials to be mixed, includ-
ing fillers should have thae sanc granule size. It
is stro gly rccommceded to contact the "Intaernational

Fertilizer Supnly Scheme'of a0 at Rome wher purchasiag

fertilizcers.

filler matoerials car be found rear issab., A report

of the Mindistry of [ii-acs dealirn; with this subjcct
¢l be envisaged within a few weeks. By then decisions
about ocquipuent can ve nade.,

The nixing plant shoull be fod by wheellonders. The
plant should be at short distatce fron the raw material

storage. Mixing capacity should be 40-50 to/hour.

The bagging plant should contain two idontical units
of 40-50 ton enabling to bag Aifterent fertilizers
simultaieously. The production of the mixing unit

should discharge i~to one of the bageing units thus
avoidi: g intermediat= storarse of mixes.

Woven bags with inner pe.e. liners should be uscd.

3oth ¢=n be producd in Ethiopia. 11 duc time a
study should be nade to use other and cheaper types
of bags. Outcr baigs should b. privted to indicate
the type rd grade of the fertilizer.

=
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Bapged fertilizors should be trarsported without

delay to their final destinntions., a svsten of
prinary, seco dry :tc storar.s shouldl be developed
ad exte deds. Close cooporacion with orpgrnisations
concerned are nhecessary. For transportation of
100,000 - 150,000 ton of fertilizer a fleet of over
80 trucks is reeoded, assunie o repular pattern of
tra.sportation is realized. It should be studied
whether tratisportatioi should be donc hy a company
owned truck fl.:t or in close coopeoration with 2
trasport company. Deviitiong {rom a regular
transportatior. schedulc 1load to the corastruction of
large and costly storapes for bugpged fertilizoers
1:d thoe necessity to use 1 large wunmber of trucks
2t irrezular intcervala,

Utmost attetio: should be given to maintenance.

Haintenance schedules ainming at prQVﬁ“tizg—ﬂaintcnaﬁCU
should b> n de in coop ratio with the construction
angireers It should be emphnsized that proventive
maintenance is by f{ar cheaper, both as to the extent
of repairs as wcll s to losscs of nroduction.
Break-down mainteoace ¢n he prevented considerably
by using schedulces for proventive naintenance.

4 study wns uade o the possibility of the inplementa-
tion of a pesticide forrmulatio:: pliit by UNIDO-expert
IHre. sndreasen.  He reconmendoed to build this plant

1t assab. OSurestions wers nnde to incorporate this
plant into the fcrtilizers plat. Morketine a:d
distribution problems for pusticides nd fertilizers
arc very nmuch the sane. Therefore a joint management
nd sharing; of activitics a8 laboratory, maintenivice
utilities, accouting ctce night be profitable. It

is reconmended to study the possibilities of such

1 combination.
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An extenaive Fortilizer Yrocoromne dned ot the
introduction of fertilizers to small wmd cormm-oreinl
tarmers start d in 1767. Sirlicr sore larme oatat 2
inmport-d f«rtiliz-rs but tho moun's wer> limitod.
In 1966 imports tobt.1l.d 1208 ton.

from 1967 on fertilizers tri:ls wer: carricd out nd
rrodually fortilizers were introduc.d to small fuarors.
MM Tidnictrey of  orriculturs oot bhlished the "Insbitutco
of .ericialtural .@scarch" and the "oxtension and
Project Impl montation department (EPID). ‘The rose och
Institut cirries out scvor:l tisks, anon them
investication on £ ortilizeors.  OPLD stort.d in 1971

and incorpor:tod the [.4.0. Fortilizer Proer .nme,

Under JI'Io supcivision “hie aininum Zeckogre Dropr nme
(IiPP) came into oporition. Other import nd Aevelop-
ment prorrammes sre the "Chil:ilo wricultural Develop-
ment Unit" (CADU) and the Jollamo .rriculturnl Deve lop-
ment Unit (WADU )(iece Fo4.0. rorort TF-49TH-13-DEN, by
D.L. Ruck-r, Tome 1974, -S/F4345),

This: programre deal with small farmers and proved
to be very succe.sful. The responss of the farncers
to new ayricultural tochniques was very positive ond

beyond expectation.

Import of fertilizers
In the "Annunl xtornal JMrade statistics" 1967-73
(issuced by the Cus toms Head Ocfica, .ddis abiba)

fertilizers wre listod under four headinra:-—

(1) Witrogencous v rtilizers & fortilizer materi.ls

{ii) ©Phosph tic fortilizors & fertilizer naterials

(iii) Potessic fertiliz vrs & fortiliz. r materi 1s

(iv) Fertilizers manuf-ctured nec.s.

apparently (i) refors to urea and sulphato of ammoni.y,
(1i) to trirl- superphosph:t., (iii) to muriate of
potassium nd (iv) to di'mmonium phosphate and
compounds. The total volumes ro the morec important
data.  From these litter data it ¢n be seen (table 1)
that there was 1 rapid inereas» in fortilizer imports.
it nmust be kept in mind that the quantities mentionsd
e fhe tmport @ quantiticos; the corsumption rtt.rns

“re aitferont hoe we of ¢ crv=over.
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The rise from +465 tons in 1967 to 48,068 tons in
1973 represente an averasre annusl crowth of 49%
assuning that there were no c-rryovers of the 48,068
imported in 1977, This very aich <nnual rrowth is
only possible at the very start of fertil

introduction ~nd for the years to comc growt. rates
will be much lower. The hizh rates at the start
however do indicate that Ethiopian agriculture
responded in a positive way to the use of fertilizers.

The table shows thot “he 4th rroup of fortilizers
(DAP) has the l=r-est volume, socond is the 1st group
(nitrorencous fertiligers). The group of phosphatic
fertilizers (TS8P) declined, whereas potassium never
reached a Migh volume. This is in agrecement with the
fact that Ethiopisn soils are not deficient as resard
to potassium. ‘lorcover TSP (42-46%) as sinrle nutrient
fortilizer is repl-ced by DAP (18-46) fertilizer with
about “he =ame content of phosphorus at the same time

containing nitrogcn.

Consumption patterns

As to the consumption of fertilizer a paper read by
Ato Mammo Bahta at the U,N's Second Interregional
Fertilizers Symposiur at Kiev/Wew Delhi 1971 gives
detnils about the years 1967-1970. This paper
contains detailed information about consumption and
the data presented cover nll apricultural activities
in the country including small farmers, commercial
farmers and ecstntes,

Table 2 gives a compilation of these consumption data,
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Tnble 2

1967 1906 | 19e9]  197¢ | Total |
Streicht N-fertilizers 1,262 ton 517 5,0221 4,720 | 11,522 !

Stroight P-Fertilizers €3 118 €73 553 1,387

Stroipht H-fertilizers S 48 167 106 375
] - l
NF-fertilizers 163 L 96| %,315 1 4,852 |
I'K-fertilizers 479 - 32 29 118 |
MPK-fertilizers 1,307 1,00 9241 2,0e2 | ©,29% |
::::::::::2:9:2:2:2—:::::::: :::ééggj—::::ﬂ :gégiZ: ::Zégl&;h:lgézzgz ::gé:’:;)[iz::_‘;I

Comparing this toble with the data from table 1 there is a reascunble
agreenent 28 to the total voluries.

Imports in 1967/70 were 26,015 tons; wher~nas consumption was 2%,547 t.
The difference can b~ exnlained by = corrv-over of 2,468 tons which is

in every wns a recsonsble amount.

In table 3 import and consumption dotn covering the yenrs 1967-197C
are presented,

Table % _ _
Tmport Consumptior
N-Fertilizers 6,534 ton 11,522
P-Fertilizers 4,997 ton 1,387
K-rertilizers 1,109 ton 575
Compounds and others 13,375 tor 10,263
::::::::2::2::E::2:=;=:::=J===:==:===:gééglﬁ:lgggzzzzzz :7::::::::::‘223!2‘22- -

Comparing the import dats with the consumption data there are
contradicticns. N-consumption is considerably hirher (75%) than is
tne import. This murt be duc to a mistake. Mont probatly some types
of fertilizers ~re listed wrongly in the import st Sistics. As tho
names of many fertilizcers types are roather complicatcd nnd trede
names often are confusing this is re~dilv understand-nle.
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As to P-Fertiliczers, probably DAP is sometires coneideraed as a
phosphatic fertilizor somatimes ag = compound. Tha consumption
data coveriag thae yosrs 1971 and ~ftor are not available. Only
fer sone proups of apricultural =ctivitice 1rt~ ¢ n be produced,
but a comprehensive picture cannot be formed.  For these years
only the import statistics cont=in rolinbl. data,

The Klev/New NDolhi paper mentioned betfor: gives some very
valuable information s5s to th- typee of fertiligers.

N-fcrtiliz rs. Therc is a significant chanre in th: types of

N-Fertilizers. 1In the beginnine the majority of tho iI-
Fertilizers were nitrates, whorcas in 1970 the nitrntes only
nresent o very small amount and urca and sulph~te of ammonia
are the importsant N-l'ertilizers.

Tablc 4, . ~
1967 1968 1969 197r
Nitrotes 1,034 4C 64 112
SA + Uren ~28 477 4,248 4,608 .

The reason for tiis roversal avidently ie thoe hyeroscopic
nature of nitrate fertilizers. Urea and GA have relative
humidities (rh) of 75.2 md 79,27 respectively, nitrates show
(rh's of 50.4-62,3% (geo Chapter VII). 4is n consequence
nitrates readily attrect water s»nd become sticky and humid.

In this respect Urea and SA are far better to handle and do
not cause preblems in Ethiopia. Another re-son may be that
during rainy scasons nitrates dissolve in the water and seep
in the soil beyvond the reach of the plants roots, whereas urea
and the ammonium of 34 are sadserbnrd at the soil particles.

Morcover in hot climntes nitratcs have no advantaces over other
N-Fertilizers as th. <¥v have in cold climaten

SHRIN

Potassium Fertilizers

Rather important amounts of potrasium fertilizers were used

(sce table 2), meinly as WPE-Tertilizers.  Turing the years

1967 upto 197 there is first = decline, but in 1970 a
substantial rire is renorted in *‘he forn of '"PK Fertilizers.
apparently ev'ansive rogenreh wne carrind out on potassium
fertilizers but with little or no responre of crops to potassium.
Gertech rrports (July 1972) t1at it wes shown that potassium wns

practically of no usc in Zthiopia., EP1D hns th- came cxperiences.
At vresont only small smounts (1W3 200t3 arce import«d, =pparcntly to
be used Tor fotacco anl tape Jor the futurs very llfflﬁ 1mount s

o oot cesiua r fan SN,
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CHAPTIR ITI

Yemand Pro/ji~ctions

ueneral

Fertilizer use started in thiopia about 1967. Irom
1967 on stitistical da*= on import of fortilizers are
reported in fhe "innual xternal trade statistics" as issued
by the vustoms Head Office in addis abaha. 1In table 9 these
data are present.d upto 1972, The d4ta for 1973 and 1974 are
not availabla presentl;. The quantitics rentionnad are the
imported quantitin~g; the consumption patterns are different
becaus. of earry-overs. Data on consumntion are not wallable,
However the rise fronm +,P00 ton 1n 1967 to 483,000 ton in 1773

‘ represents an uverace annual corouvth of 43%.

"

In tho stulv on Jeitilizer Danufactusce in Ethiopia"
made hy 3 UHIDO=-V¢ A, comnoced of Lir. J..5. varror, lr. MJE.
Gertsch nd Ilr. ... sharwin, in 1972 (Gonort LTH 054 /-0 /510)

a demand nrojection is presented made by Mr. G.rtsch.

These projections were chequed. It c.n be said Lhat
actually fertilizor consunptions were higher than those
projected by Gerisch. The @ctual demands for the season of
1974/75 now ~re 65,800 ton, as compared to Gertsch's projection
of 52,900 tons.

Ty

3ut not only the total anounts of fertilizer are different,

’ even more important is the fact that the ursa consumption turned
out to be much lower than projeeted by Gertsch, whereas the
phosphate consumption was much hirher. It was therofore
necessary to consider once amain the consumptions of different
types of Crops, 1ts orowth rates and the growth of area under
cultivation. Un the whole the projection was developed throuph
frequent discussions with officials from I'a0 and other exparts
from various Governments bodics a5s0ciated with amrrcultural
enterprices, includin~ .I) Bank.
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2.7, <he practical rosults of the laat vers as to

the usc ot fortilizers in sthlopia wore hoyond

cxpeetarion., More shecifically the response of

small farmers as oxpericncad by thoe "“xtension

wnd Project Implementition bepartm ont® (PID)

of the Ministry of ariculture, was very sieni-

ficant. LFID start.d in 1977 and incorpor ited

the FoaoOo fortilizer Prosrpamme, Under wPID

sup°rvision the 'Tinimum Prekame Prosre e (1PD)

came into eporation.  Oklir import int dcvelopment

projects arc the "Chilalo wricultural Jevelopment
‘ Unit" (Cabld) nl the " ollamo . ricultural bevelop-

ment Unit" (WooU). Details hout these propgannes

are 1. Jdowr in 2 F.A.0. repovt (WF=ETH 13-0LN)

by L. mieker, Rowe. 974, W3/F4345. This report

desls with NHarkotine ani . oolit Problems for

deryilizers in Ethiopia.

The proprammes rmentionsd deal ith small farmors
and as said before ite implerontation proved to

be wor: successful than wags expeeted. s g matter
of fact in four yoars 48 [ppP's wWwers implen nted
whereas only 40 wer- foresecn,  1In the next vears
fo com the implem-ntation of 10 [IPP's per yoar

. are planncd. Twis 15 Tar mor. than wi1s taken
> into zonusidoration by CGertsch, who .as rather

pessimistic about the results of the introduction
of MPP's,

2.2 It can now 9. stated that the response of the
sm2ll farmirs to bottep arriculturil t :chniques,
inclwliny the uze of fertilizers was hevond
expectationsa. 5ty hare aceopted the use of
fertilizers .5 an irvortant contribution to morn
~nd bettsr erops, th futusc rrowth of fortilizer

consumption shnll mainly dcpend on othier factors.
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some of the importnt factors ap-:-

(1) e tilizere prices, includin-« subsidies from the

rovernment. It can be mentioned that such

subsidice are peglised

(b) Price. of Urops, and its stablisations. As a
result ot (a) and (b), the cost/benefit ratio
has to be at lonst 2 in order o raise the
interest of the farmers.

(¢) Implementation of plane is to infrastructure,

includini~ construction of ro..ds, warehousns ntc.

(d) Land r~form auprenting, the small farmer's

profits in the erovs b raised.

llore specificallyr the pres.nt hich fertilizer
prices can b 1 drow=bick fto the ugo of more fertilizer:.
1t could be compengatod to 1 ¢ .rtoin extont by cubgcidies
and by higher crop prieccs. Land » Torm could be 2 positive
factor, as is a ool infristructurs. .I1 in 111 thero are

many uncortain factors s to the future use of fertilizers.,

3. Growth patterng

5.7. after discu-sions with the officials mantion~d
earlier, it wis 2~r.od that a yoarly gerowth of
fertilizer use of 20% on the areqs prsently
undcr cultivation by sm.11 farmers producing
#r-ins, fruits veootables, pulses, oils-oeds

and peppers is a realistic starting point.

3.2. uvery year new land is taken into arricultural
use and added to *h~ arci under cultivation by
small farmers to be used for the sime tvpes of
crops. wotatistical data are available as to
the growth of cultivated are for 4ifferent
crops for the years 1967/68 upto 1971/72.
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In table 1 these At are vresented with the rrowth
rates. The arithmotic weraise in crowth is used in
furth r calculations for the -~rea to b fortilized

in the future. s wparontls sw oot not.:to. 5, cnsotto,
sisal, chat nd £esho +dre not fortilized thoy are not
includnd in furth: v d.mind ¢ :leulations.  iuble 2
presents the areha to he used for differ.nt crops for
the yvears from 1973% on. Compuarison of the arcas and
the amounts of fortilizer to be used in the ynars to
come show that even in 1984 not all crop: use the
amounts of fortilizer necded for optimum yiclds.

Basis for the demind projections are the present Uses.
The total amount of fertilizer to be us d by small
farners (MLP.P, UaDU, CADU ind oth-rs) is - stimated to
b: 42,000 tons for thoe soason of 1974/75. ©BFID knows
from nypericnce tunt the average distribution of
fertilizers among (different kinds of crops ralsed by
this croup of furmers is: Yoff 40%, wh:at 12%, Barley 8%,
inize 9%, Sorghum 6%, Dasussa 5%, Pulses 8%, Oilsceds 8%,
Fruit -nd Jeeotablos 2%, Pevpers 2%.

lior over therc ar.: divcet lmports for crops raiscd by
commereial farmers and est:t ~. Their estimates for
1974 /75 seson rollows: -

Oilszecds 6000 ton, varsous crops 6000 ton,
Cotton 7000 ton, sug-rcanc 3900 ton, Tobacco 50 ton,
othor NPK using crops 150 ton. Total 25,100 tons.

of i'ertilizer

4.1,

In the group of crops raised by small farm:rs up to

now the most ugsed fortilizers have been DaP (which
represents 1 onutriosnt ritio of 1:2.6:0) and to a lesser
extent urcs.  for the vonar 1974/75 tis pattern of
application is forescen. dowever for many of these
crops 2 ratio 1:2:0 is for-s-en by the boeginning of

the year 1975/76 and to boe raised to 1:1:0 becinning

in 1979. (sce table 3).
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Gertsch had foriseen thit only DAY and urca should

be uscd on these crops, pref rably with urca as
top—dr-ssinm. It was shown that s5wnall f£ormers
considered this s 1 too complic :ted proe..dur. and
that one single applic :tion was - mor.: By proactico.
Therefore, mixed fertilizers with a hisher nitroren
content are foresoen for the ye.rs to coms nd thi:sc
products (mainly 1:2:0 nd 1:1:0) should boe produc-~d
in the bulk blindins plant by mixin~s DAP and urca.
Therefore these two nroducts i to he imported in
larme quantities. In our calculatisns the -mounts of
fertilizers to he used = thorefore exproiced in
terms of D.a.P. ind uren. (soe table 3) as woll as

in terms of nutri nts (50 tabla 4). Yhis means that
the rel tive amount of urcq s compred vith DaP will
raise in the years to com: hut not s Wi s foreas n
in Geotsceh's progoctions. (In tn- tabl. g seocons are
indic tod c.e 1974/7%5 1t murt Lo stared thot the use
of fertilizer for thoe pre tor prrt i3 in 1975, Import

and production howev.r start in 10974),

48 to tho crops m ntionsd befor: the monnts nd the
types of fertilizers for:ge.n to be uied in the dem-nd
projections from 1975/76 on wer: fiyed at:-

Loff: ratio 1:2:0 (or por Ha: gt AP + O..1 qt urea)
"rom 1979 on: ratio 1:1.5:0(or per tla. 1qt
VAP + 0.27 gt urea) For Tef: ov:rall rro-th
rat: is 21%

Barley: as [eff. Overall grovth rat» 21%

sorshum: as W ff, Ovorall prowth rate 21%

Whoat: 1atio 1:1:0 (or per Hi: 1qt DAP + 0.6 qt urca)
Overall srouth rate 22%

Maize: ratio 1:2:0 (ov per .ai: 1.5 7t 0aP + 0.91 gt urca).

Overall fro th ratc 2%

AUSsU: ritio 1:2.6:070r nor ar gt Dal)  Overall

provth rate 219%

| &

Other food crops: ritio 1:2:0(r por Ha: 1qt
JaP + 0,11 qt ur-ay; Overill srovth

rote ’)O'/)/
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Pulses: ritio 1.2,6:0 (p r ila: Tt Ual). Ovrall
rrowth rate ig DORY

Qilszads: ratio 1:1,1:0 (por HA: gt of 0AP + 0.5 nt

of urva).  Uv rall rrowth rate is 244
ruit and Vometablos: ritio 1,4:1:0 (por il 1qt
JAE + gt ure i) Ovorall crowth rate g 5%
fepperiratio: 1:1:C (vor Ty 1.5 qt var + 0.5 gt urcH)

Overall groth rb ic 00%

apart Jrom thes o croops tlwre are numhor of crops
lik: cotton, sugirenc, fohicco and coflfee th~t apo
cultivited 1n lacr.r  5tat g, ‘o wera able to oot
insorm:tion from the rov.rs of these products  on
Lhe size of eultivition and 1.ovel of fertiligzor
consumption.

Corfue: The K,.,0, Colfor Surry Sipvie . inforrod as
thst Al presont ornly 0 tons of firtilizers re uscd
for co ' f o, Coif.- mairl, is pick d $n for-sts nd
less than 300 is from ~vltivat d T8,

{asearen on the rosults of fertiliz v ase on coffeco
is undcrway. 3ut upto now rosults are not very
promisin- and nothin- cin be said s ko Fhe finnal
outcomc. Mor the time being coffoe carnot bo

considered as a pot.ntinl f .rtilizer CONsuUM .

Cotton: e nwnch Villey authority, undcr whose care
most of the cotton in sthiopia 1s raised, iniorm-d

us about thn situation as to this crop in tthiopii.
Actually 66,700 A are under cotton, ot which 45,700 HA
arce fertilized. An avorase of 1.5 qt of ur-- pir 'ia is
applind. No phosph.tic f - rtilizors e used, The

fertilized aren (45,700 HA) are iner:e ised by 2% per year

(sce dottomly. SL3 71/42/55h 2). Tior over now cotton
areas are to bhe devaloped in ilub bor ina south of

Arba Liinch. Th- se arecas will nrow up to 10,000 Hi onach,
from now until 1982,
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In 7 yaars the aren ;ro. from 45,700 ia to 65,700 i\,
this roprescnts a crowth of 43, % in 7 yoars or 5.3%
P year. joth rrowth p recent g rosult in an avevrare
yearly csrowth of 1345, llorcover it in .o:surmed that there
ig A rrarly inercase in the use of foertilizer per Ha of
about “%. In our nroirctions n total rrowth of 20% per

y.ar is assumcd.

sugarcane d.vVes. inlform 3 us about [ tilizer use in
the su~-rc e ~sttoes, surmare ine and it processing
to su-r is linit~d to la e rstates. Jnly nitrosien
fertilizers are wsede. the astaits preoontly under
cultivation ars not to be oxtonded o3 the cupaclty
of thr fhactori«s de-s not 1llov such cstensiono.
How:vi:r, a new frctory i nroinct:d to bo on ctream
in 1979; its rinad production will bhe reached in
about 10 yeus.

Presontly frrtilizer use iz 1390 ton of ur:n and
2,00 tons ot salphnt of wumonii wnd thhse quantitics

remain constant.  The now artate will us: fertilizer
from 1072 on and i1its use uill be 269 tons of urea in
the first y wr.e wrowth will he 260 tons ner y o for

7 or 3 YyearS. s !

Tobncco. the pthiopinn Tobacco sonrd informed us
about the pres nt nd the future us>y of fortilizer.
Only NPK 15:15:15 i used. Tot:1 nmounts arce r:ther
low 2nd will raise from %0 tons in 1974/75, grdually
to 290 ton< in 1980/81 and then rorqain it that level.

Pastures Gertsch sgsume? coazidcrable fertilizer

|
use on pasturen and rnro, 2cts 1 us: of 35,000 tons of

urca in 1984, sreacntly no uren is used on pnstures
nd no plins ko do 50 exist. “xperiments in henya
showed 1 hichor orass nroduction vt howover did
not result in any cconomic Lonefit. Boettor bre ds
with hirher nilk and ne .t production miyht sive
another pictur:. for the ynors to coman therofore

n uge of fortilizers on poalure is unlikely to exist,
S0 we have not for-s-an such 2 consumption,
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The use of potissium nt prosont is very low and for
the near future no not . gium conzurption of any
importanc:. can br roroscoen., It 12 poasible that in
tae futur: 1 larer noad for this nutr. nt will
davelep.  Purt of pot szivm import.d is for tohacco
crons, hovover, import daty allow  to presune zome
additionsl use of this nutri nt ( o tble 9. So
therofore in th: dorand projection (tahl. 3)
limit~d amount of these fortilizors for crops othor
than tobicco is for:s cn. aroundnut's may be one of
these crops.

5. Projactions

5.7,

5.2.

5. 5-

Zable 3 shows th: rosults of th calculitions based
on the -usunption miontiorn @ holor . in terns of
fortilizor product.s. 1 ble 4 shows thege rosulsts
in torms of nutricnts.

Part of the fortilizem ar: to He used 1w mixed
fertilizers, whoro i mothsp nert sho1l be usod

as stroicht o ortiliz-ors. 4 ¢ decultion is made

on the mount of r rtilizers thit .o 1 maximun

could be used in th . form of mix. 4 fortilizors,

Table 5 prusents thogo amountse. It must however

be kept in mind th ot in son. cas 3, thy use of
striicht fertiliz o rs mimnt be preferrcd.  An

es3timat . of the rorcont ¢ of the ove mentionad
maximum is made, Acrordin~ly the probabl: minimum
amounts of fertilizers to be used s mixed fertilizer
are cilculatod. At hirh volum~s of mixed fertilizcrs,
the production of compounis f:rtilizcrs has to be
considernd.

sensivity tests at 15% and 25% rrowth rat. 5 as to
ertilizer use we, » made. In these eileculations
the crowth rat.s or the arha undor cultivtion aro

taken into consider ition in the 501e vay 23 mention~d
for the mrowth r .t» of 20%.
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Yaihle & chove tae resclte for o rate based on 15%,
tunle 7 for 1 . te b sed on 29%% ro tY. In Table

8 1 ¢c.ooparison of trese thr e o1t ornitives is
presented,

The lata in Tble 3 howsver are to be consider-d s

the most relianle th t ¢mn be produc d at nresent,

Al attempt to calecul ite the amount of fortilizers
enanling to produce enouszh coreals to toaed the Lthiopian
popul ition was i :de.  3asis o th. cilculations re
statistical daita an to arca cultivat-d by ceronls,

yield ver dA, losses due to peoubs ~te, noeds for

sowine sced, amount of corcals neddeod per caplitt and

population .nd itg rrowth.

Statistical ¢k Were obtained frome  "Mhe Demorraphy
of wthiopia", vol 1, Centr. ot itistic Orfice, Jan.1974,
SEALT 2ovort n0.7 Sentr. Statistic Office, Octob.r 1972
and fronm informitions reccoived from soveral officils.
Hany statistical data are ostin.tos rothor than baged
on extensive investiscations.  thorciore the results of
the calculations hive to be acceptod with some reserve.
C lculations wor: made for threoe yoars 1975, 1980 'nd
1985.

Yield per ili. for tn- major cereals crops is 7230 k£
per Ha (Lt.tistic abstracts 1971). This firmure is
related to no use o” fertilizers. It is assumed thit
100 kg fortilizer mives an werire oxtra yield of

400 ki cereals per lAa.

The nioeds per capita rre not well tnown. Data vapryving
betw.cn 190 wnd 150 ke are mentioncd. as part of the

cer2als is usad for the production of Tella, Boer cte.
190 Iifp must be coasidersd at realistic.

averam losses Ave to rol:nts, insects, decay cote.
includin~ n-eds for 399int goeds wre cilhulated to
be 23%.  Thors fare 247 ¥k hie to be produced in order

to supply 190 kK per capito,

2alculitions Mave bHeor made to 23t blish what tha yield
per A must be in order to arrive i+ tho consurption
of 120 xf p.c.
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} An———
- oYt s w3l T DL 3 comneoood ULt T vooroe of A0 2w/ SRR 1rmiGs o o orodyce
relov 4 o f sl e, Igc bentor o ooric urar methiot s cnAd o wmew yarmicties 9180 ¢nnoenlorec thoo o yiold oo
Th (m otme oth oy Yrnd Mich yislt varictice seke for lur-e omounts of fertilizers. ill in sll there ov
5 lar-c pumber of tactors tast msv infiusnce ths results. Therefore the resulte are of limitad valuv ~nd
must b concider A «o ~n “ndication trnot the demsnd oreojections do not excsoed potrential demsnde. 1
developnont of infrastrusturs =nd troinince of farmerse Yo use fertilizers can e a2cceluratad forrilizer
rroduction should be enl:rved accordinc-ly. The results of the calculations that =are presentad in thr
ta-le 7 indic-t= *i=t to ~nsure 3 ver capit= concumption of ceresls of 79C k< par year lor-e ~mounts of
fertilizere =zrse n-<d:zd.
e macgltc o thacse celculntions are rother sencitive to the lovel of per capita consumption. In tohl
2 ~ cor.wmption 1.vel of “7C kg n.c. (720 k& produ onn;, is foresecn. The need for fortilizers in tht
cege 1g much ilower,
J;u.wl‘u - A
Fonul ~— |zroduc- rran JoT Froduc—- | Defi- Ko/ 24 Total forcrrern
Ye=r ftion x tion want =4 erez_sg tion cicney to Wertilizer amount of for c¢oresls
F.illiorn | for 12C ks z.c 160C HA | n=edad 72C kg/HA to fertilizer tons
x *0CC ton ko /HL compencate
1975 | 270 &, €6 | 275 | e T3¢ > 255,50 25,616 ¥
"gRC 0.7 7,82 _ 8,256 9cy 77 44 367 ,7CC 115 ,7eC L7
ECE IS 5,570 | 8,97 973 242 e S43,6CC 2714, 00C -
able 2
Popui~- |Iroduc— bre= “or | roiluc- |Defi- kg/HA Tot=l forescer
Yeszr tion x Tion wante cersals tion cisncv to fertilizer amount of for corenlc
rillion | for 77C kep. 1C0C HA {needed 73C ke/1A to fertilizer tons E
x 700C ton r:\gw comrnencseate
T97s 27.C S494C 7y 742 7€ z7 9 €9,69C Z2%,-1C o
798¢ 1 20.7 =, 7ok 8,256 8( 8 78 e 167,77€ TEARES -
1985 7251 7,72 8,971 8e6 1%€ _ 24 302,0CC 214 ,06CC iy

O+me food crops (bcrns, vegetcobles)

regoing calculntions

SOdJHu

znd crops like oil
iz known =»out consurptil

seeds, ~tc are not

on p=tterns

congidered in
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It is roported rht at npesont part of the nopul-:tion
(some 2 million people) lives on mil% nd roots alone,
It is not quite cloar whethor £ - Troup i3 incluled
in the erdeulations mentioned in 6 £ verort o, 3.

In cuse this sroup i not incluied t*he population

dat in tble 1 he to oy corrcect.d, wasunine that
furthor social d.veloprment will shift consumption patterns
to the use cereals it is probabl - kh ot thic mroup will
diminish to 1.5% million in 1980 «nd to 1 million in 1985

4pplying che basic dat.a of tible 4 (190 ki coreals per
capitay aro oundos cultivation) tne ounts of f rtilizors
ni ded for ceronls .ro eiloul tted to boi-

in 1975 131,600 ton ( 33,610 t)

in 1980 275,700 ton ( 115,160 t)

in 1985 481,100 ton ' 314,000 t)
(figures betuoon by ekoty ap. quantitias projected for cercals)
4ven assuning thoat nort or the popul ition :t prosent dons not
consume coreals the demind proi ctions for fortilizers do not
excoed pof ntinl n ods.

applyine the bosic data of tohlo 12 (220 kg corols per capit o)
fertilizer noeds for carcel: ipo cleoulat-d to be:-

in 1975 nil (33,600 t)
in 1980 64,300 t ( 115,160 t)
in 1985 249,500 t (314,100 t)

This mcans that at present (1975) no fortilizers are need~d
for cereuls. This controdiets the practice in which
fortilizers ire used and needod for c~roals,

It ¢ n be concluded th .t this way of approich is not vary
reliable. Thic is dv: to the fict ¥t the preliminary
assumptions s yeinld pop L consumptiom per cipito,
population size cte. are not known - rcurately.

liorcover tais typ~ of cnlcul vion in which data have to
be substrict.d i5 v op- Tonsitive to rolative small

differenc.: in bocice issunptions,

Ihe only saf. coralusion thit ¢an he made is th t the

rrofoct ] volum-s or froduction do not . xe-d the n-eds.
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abhlu 4

o
g PROJECTIONS BALSED Ol .~ 5ROWTH RLIE PL
Fertilizer in Requirements in tons Fertilizop in 107
Gi:‘gh t /HA 174 /75 qt/il, .
A UREL @ SA DAP UREA SA D.LP Rt | Sa DAP
Tff T.27 | 1.0 - - 16,800 - - 1.0 To.7 [ = 20, 300
" haot 1.22 | 1.0 - - 5,040 - - 1.0 0.617 | = €,150
Wrlay 1.21 | 1.0 - - 3,360 - - LA BNOT B I I 4,070
i ino 1,22 | 1,5 “a5 - 2,840 950 - 1.5 AT B 3,460
¢t oum 1.27 { 1.~ - - 2,520 - - 1.0 0.11 | - 5,000
unen 1.21 1.0 - - 2,100 - - 1.0 - - 2,540
i Lies 1.22 | 1.0 - - 3,360 - - 1.0 | = | = | s,00
Il eds 1.24 | 1.0 0.5 - 6,240 | 3,12~ | - 1.0 0.5 - 74740
v oruit & Veg.| 1.23 | 1.¢ 1.0 - 420 420 | - 1.0 1.0 - 520
Tomnors 1.22 | 1.5 0.5 - 630 210 | - 1.5 0.5 - 790
iCr i re erops| 1.20 | 1,7 - - 6,000 - - 1.0 0.1 - 7,20C
| “orton - - 1.5 - - 7,000 | - - 1.5 - -
‘ Surarcane - - - - - 1,300 | 2,600 - - - -
,Tobncco NPK | - - - 0 - - 50 | - I -
Other NPK - - - - - - 150 - - - -
49,3210 13,000 2,800 59 492
=ZQE§£=======:::::;ﬁ======-_.======:::=============§§-_\119====._=_—==::::::::::::::::::::::::::
i Fertilizer in 1978/79 (tons) 1979/80 (tons) 198~ /81 (tons)
qt /HL
DAP | UREL | S&A D.P UREA | sS4 DLP UREA SL| DAP [UREA G
’ o 1.0 | 0.27 | - | 36,000 | 9,720 - 4% 560 |11,760 5,70 14 230,
“heat 1.01 0.61| - | 11,160 | 6,810 - 13,620 | 8,310 - [16,620 110,140
“rrley 1.0 | 0.27 | - 7,737 2,090 - 9,350 | 2,520 - |11,310 ! 3,050
Maize 1.5 | 0.91 | - 6,28 | 3,830 - 7,660 | 4,060 - | 9,250 | 5,690
“ rghum 1.0 0.27 | - 5,400 | 1,460 - 6,530 | 1,760 - | 7,900 | 2,140
©unen 147 - - +,490 - - 5,430 - - 6,570 -
vile g 1.2 - - 7 44 - - 9,080 - - |11,080 -
cilaends 1,0 | 0.5 - | 14,7401 7,370 - 18,280 | 9,140 - 22,670 (11,300
“uit £ o Vee,l 1.01 1.0 - 970 970 - 1,190 | 1,190 | - | 1,460 | 1,460
‘Tenper 1.5 ] 0.5 - 1,430 480 - 1,740 580 - {2,120 710
lorrer crops | 1.0 | €11 ] - | 12,40 | 1,370 - 14,930 | 1,640 | - 17,920 | 1,990| -
cotton - 1.5 - - 4,530 - - 17,430 | - - 20,920 -
7T cnne - - - - 1,820 |2,600 - 2,080 2,600 - 2,340 (2,
‘¢ v:2co NPK - - 2 - - 210 - - 250 - -
IC-h-r PK - - - - - 30| - - 3 _ )
131,370 61,070 3,220{1F,700 7G04
oL 195,500 . TR0




p 3.,.5ED ON

207 GROWTYH

N 'u')lU ‘
PR SN

RLTE PLUS LREA GROWTH

ns Fertilizer in 1975/76 tons 1976/77 tons 1977/78 tons
qt /ilA
DiP UREL | Bi DAP UREA Sh DAP URE " SA DAP | TIRES Sk
1.0 0. 11 = 20,300 2240 - 24,600 | 2,700 - 29,770 | 7,270 -
1.0 | 0.7 | - 6,150 |%,750 - 7,500 | 4,580 - 95,150 | 5,580 -
1.0 0.1 | - 4,070 450 - 4,920 540 - 64390 777 -
1.5 0.91 | - 3,460 [2,110 - 4,220 | 2,57 - 5,150 | 2,140 -
1.0 0,11 | - 3,050 340 -~ 3,690 410 - 4 460 497 -
1.0 - - 2,540 - - 3,070 - - %710 - -
1.0 - - 4,100 - - 5,000 - - 6,10" - -
1.0 0.5 | - 7,740 {3,870 - 9,500 | 4,800 - 11,890 | ©,950 -
1.0 1.0 - 520 520 - 640 p - 790 790 -
1.5 0.5 - 790 260 - 960 32¢ - 1,170 390 -
1.0 0.11 | - 7,200 790 - 8,640 950 - 10,370 | 1,140 -
- 1.5 - - 8,400 - - 10,100 - - 12,100 -
o - - - - 1,300 |2,600 - 1,%00 p,600 - 1,560 [2,600
0 - - 2 - - 90 - - 130 - - 1970
0 - - - - - 180 - - | P20 - - 260
b0 59,920 24,030 2,87C | 72,740 28,910 2,950 | 88,95C 35,110 3,030
o imesceceooooooo 800820 Lo 004,60C ... 127,020 . ...,
COSECTLAN 2
X (tons) 198" /81 (tons) 1981/82 (tons) 1982/83% (tons) 1983/84 (tons) |
i i |
i URFA SA| DAP [UREA SA DiP | UREL | SA DAP j "TREL Sh D.P | UREL | SA
111,760 5,000 14,230, - | 62,/80|17,220) 7,170 | 20,840], - |193,380]29,210{ -
8,310 | - {16,620 10,140| - ]20,280[12,37C| - {24,724 1} 15,090 -~ |30,180!18,410 -
F | 2,520 = (11,3701 23,0501 - |13,690| 3,700| =~ [16,560 | 4,470f - |20,%0| 5,410 -
G600 | - 19,250 5,690] - |[11,410( 6,940 - [13,920 | 8,480 - |16,980[{10,%¢0 -
| 1,760 | - | 7,900 | 2,140| - 5,480] 2,560 - [11,47¢ | 2,100 -~ |13,880] 3,750 -
\ - - | 6,570 - - 7,950 -~ -~ 9,620 - - | 11,640 - -
i - - 1,080 - - {13,520 - - [16,490 - - 20,120 - -
| 9,10 - P2,670 N1,3%00] - | 28,110(|14,050| - |34,860 | 17,430 - |4%,210{21,670 -
1,190 | - | 1,460 | 1,460 - 1,800| 1,800| - 2,270 | ,210| - 2,7200 2,720 -
580 | - | 2,170 710 - 2,590 ger | - 3,160 | 1,050| - 3.8601 1,290 -
b | 1,640 | - 017,920 {1,970 - |21,500, 2,30 | - 25,800 | 2,840 - |20,960| 3u0n| -
17,3 | - | =  Ppo,920! - - {25,100 - - | c,00| - - |36,780) -
2,080 |2,6000 - | 2,340 2,600 - 2,600 |2,600| - »,860(2,600 - | 4,680 (2,000
- 250 - - 2901 - - 290 - - 200 - - 2on
- 377 - suo| - - 530 - - i eaol - - vah
F 61,070 3,220{ 19,700 7,050 3 7301110 89,560 3,42C |FF6,000 1 400 5,550;8@,570 132,380 3,00 |
e 0,730 CB7.09C L 20 10 |
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PROJECTICHS BASED QF A

TOLE 6

\

152

(NCTE + 07F

- Tetuireent | tequired fer.ilizer || Jequire~eRt o
ner . in At in tons  1974/75|per A in qt a7 /76
— ERSUTTIS SUTE e | U | B
o rate AP “h_SA )| DAP  UREA  SA . |y oA
off 1160 1.0 - - 116,800 - - .0 0.7 - [19,400 2
£ 1,17 1.0 - - 5,040 - - 1.0 0,67 -1 5,900 7,
L 1.6 1,0 - - 3,360 - - Ih.o 0. -1 3,900
T 1.17 1.5 o.c - 2,840 950 - iM.5 0.7 - 2,720 2.
Lor L 1.16 1.0 - - 2,520 - - .0 0.1 - il 2,00
IR 1.16 1.0 - - 2,100 - - {h.o - - |l 2,440
ulse 1.17 1.0 - - 2,360 - - 1.0 - - 3,930
Cilreeds 1,19 .0 o.= - 6,240 3,120 - .0 o.s -l 7,430
it Cect. 1,17 1.0 1.0 - 220 420 - (|10 1.0 B e
[ emmers 1.17 1.5 0.° - 630 210 - {15 o.5 - 74C
(ther crops 1,15 M0 - - | 6,000 - - |{{1.0 0.1 -{l 6,900
Cotton - ; - 1,6 - - 7,000 - - 1.5 - - ¢
Lutar cane - . - - - 1,300 2,600 - - - - 1
Tobacco - - - oNEK - - ol - - aowex |l -
Cther JEL ol ST WPK 1 = - L08R S l T
49,130 13,000 2,800 57,460 27
Total ees coe ces cos eee 65,110
Reguirement
_.per/Ha in qt 1978/7" 1979/80 1980/81 197
. DAP U2EA  SA | Dib B SA || pap UREA sA f| pap T ,g_,,___“Ji_~
Peff 1.0 0.27 - 30,420,210 - |135,290 o,5%0 - 140,920 27,00, -
Wheat 1.0 0.61 = [ 7,440 5,760 - {|1,050 6,740 - ]1112,9%  7,8°0 - |
arley 1.0 0.2 - | 6,080 £70 - |V 7,060 780 - || 8,190 900 -
Cize 1.5 0.91  =!s5#00 2230 - £,230 3,780 - 90290 4,420 - ¢
or-hunm 1.0 0,27 = 14,50 500 - 5,290 580 - 1| 6,140 €R0 -1
ounaen 1.0 - - 3,600 - - 4,410 - - 5,120 - - !
Fulsees 1.0 - - 16,300 - - 7,370 - - 8,620 - - o
Llreedy 1.0 0.5 - {12,520 6,260 - ! 14,890 74450 - 117,720 8,860 - e
1t ond | ['

Stevle 1.0 1.0 -, 790 790 - 920 920 -t 1,0m0 1,080 - |
“ner 1.5 0.5 —i 1,180 200 - 1,380 460 - || 1,600 40 - :
‘ror oerong 1,0 0, - lﬂo,zmo 1,150 - Il 12,070 1,330 - 113,889 1,530 -

O tton - 1.5 -1 - 1,453 - - 17,430 - - 20,920 - H
uerr crve = - -] - 1,820 2,e00f| - 2,080 2,600{! - 2,340 ?,600“
Tobeeo - - Z2UPH --, - 210! - - 250 - - 290“
R = - -1 - - 20 - - 370 - - 4h00
20,000 TN 2,120 105,960 ©1,0°0 3,220 122,520 40,210 1,330' A7
2l T2 160,260 13 060




TALE 6

\
D QN A 1YY LG D NCTE + ARFA GROWTH (&I 1VITY TEST)
C1zeT (] equiree Rt S § mat e B -
C74/75 per A in gt 1975/76 1976,/77 o
B BN A ——— e - . -«H_._ e ~
_5A . libap _ UREaA SA DAP ___TRYA _ .p !
- |h.o o0.11 - 119,490 2,140 - {p2,670 2,50 e .
- o o1 -|l5,900 3,600 - |[e,000 4,0 - 1
- .0 0.71 - 11 3,900 430 - 4,520 o - 5; \
- M.5 0.01 -1 3,320 2,020 - {3,800 2,30 T
- n.0 0.1 - il 2,020 220 - || 3,39 250 - e
- {0 - - |l 2,440 - - i 2,8%0 - -0 -
- |h.o - -] 3,9%0 - - |l 4,600 - -, -
- I17.0 0O.5 -1 7,430 3,710 - B,&U40 4,400 - ?'Q o e
- .o 1.0 - 490 490 - 570 €70 N R :
- |l1.5 o.s -1l e 245 - 860 200 - il o 2
- {10 0.1 -] 6,900 760 - || 7m0 ey o e
-1l - 1.5 - - 8,410 -l - 10,100 S e
o000 I} - - - - 1,300 2,600 1 - 1,20C 2,500 - 1,500
ol - - el - - 9]| - - 13050 - -
L=k | St S S S 2 S R 220, - -
,R00 57,460 23,425 2,870 66,950 27 4mn 2,00 7R,010 72,510
£3,755 97,287 17,500
1980/81 1981/82 1982 /82 1007 /oy
! sa || pap v o4 o Uoa b T e T T
) - 40,220 AL - L0 Help) - :,-c;’v/.)“(;—::;"—::_”q .-, Tl;:’”rzmp
:w7 - 112,930 7,8%0 - [115,130 9,230 - |{17,700 800 - Efﬂﬂ,¢«>
) - | 37190 900 - 9,500 1,040 - 111,000 210 - 5:13,720
Y - i 7,220 4,420 - 8,520 5,170 - 9,90 080 - 1,77
- - 6,140 &80 - 7,120 790 - 8,260 ~1n _ 'E o
- || 5,720 - - 5,40 - -] 6,800 - _ o
| - |1 8,620 - - |[10,080 - - 1m0 - B R
0 - {17,720 8,860 - 121,00 10,540 - [|25,00C 7,550 - |5 o,
f
5 - 1,080 1,080 - [} 1,260 1,760 - || 1,70 aon ) f RS
2 - 1,620 “40 - 1,890 630 - 2,210 740 - , 0
) - 1172,880 1,520 - {115,960 1,760 - 1118,350  »,020 -, 2,000
o - - 20,920 - |' - 25,100 - - 6,100 -
v 2.600[0 - 2,340 2,600{| - 2,600 2,600|] - T,RE0 D enct -
250 - - 290 - - 298 - - DU -
.20 - - anol| - . s30| - _ col -
| 3.220 127,520 60,210 1,330 43,970 70,730 3,420 167,72+ o0 sooa 1o
199,040 218,320 30

l,),,\v\ N
170
i
;’)(;(‘
N7
5,070
A
17 pl %'
17,040
,’HF
’7,(‘19,0
L
L
A s
.
f—\
> r
b
Zr'fv s Wl
7 4
e R e
7 e
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ERCIZCILOHD 38050 wd A = 7 50 - NOTE + L%ib o 700
"" Growth | Tenuiremend - Réﬁﬁi??ﬁ?ﬁ%'{ " "Kaquirement o
rate in ot/Ha 74/75 tons in_qt/HA L
—— T DA -8R T DR T TRERTC TSAT] T T T T T
Teff 1.26 [1.0 - - |16,800 - - [n.0 0.1 - 21,170
Yheak 1.28 1.0 - - 5,040 - - .0 .61 - | 6,450
Barley 1,27 1.0 - - 2,360 - - {h.o n.11 - {4,770
Maize 1.27 1.5 0.) - 2,840 950 - {PN.5 0.9 - |3,670
Sorghum 1.27 | 1.0 - - 2,520 - - |1.c‘ 0,11 - | 3,200
Davnssa 1.26 | 1.0 - - 2,100 - - l 1.0 - - 12,650
Pulses 1.27 | 1.0 - - 3,360 - - 7.0 - - | 4,270
(ilgcecds 1.29 {1.0 0.5 - 6,240 3,120 - .0 n,5 - | 8,M50
iruit and vegt.  1.28 l1.0 1.0 - 420 420 - 1.0 1.0 - 40
Pepper 1.27 1.5 0.5 - 630 210 - 1.5 C.5 - 800
Cther mrops 1.25 | 1.0 - - 6,000 - - I]7.0 ¢.1 - | 7,500
Cotton - - 1.0 - - %,000 - - 1.5 - -
SUYAT ¢t oe - - - - - 1,300 2,600 - - - -
lob1oro - - - 2NPK - - 50 - - . 2NPK -
Gzrer MEK = |- oo o - 150l - - -1 -
49,310 13,000 2,800 62,510
Al eee eee eee et eee  eee  ee. 65,110
Requirement
— e in 7t /HA 1978/9 1979/8Q 1930 /1
- DAP UREA GR | DAF EA TR DAD UREA TA DAY UREA___ GA T
teff 1.0 0.27 - tz,sso 1,660 - |PB3,350 9,870 - |B7,°2%0 7,390 - |Ba
heat 1.0 0,61 - M3,730 2,250 - [N7,320 10,560 - [R2,170 13,520 - p¢
3arley 1.0 0.27 - | 5,740 2 360 - {ph1,700 3,00C - ip4,100 3,810 - ihy
laize 1.% 0.91 - €7,5qo FL480 - 9,380 5,690 - ip1,020 7,230 - e
yrehum 1.0 0.27 - i 6,560 720 - £,3%30 90 - 110,570 1,160 - |-
Dnrussa 1.0 - - I 5,290 - - 6,670 - - ! 8,400 - - in<
FPulses 1,0 - - 8,740 - - 111,100 _ - a0 _ = e
(ilseeds 1.0 0.5 - 17,200 8,640 - 122,290 1. 0 - 8,740 14,380 - {7
Iruit ~=nd 5 ‘
vegetable 1.0 1.0 - | 1,140 1,120 - 1,440 1,40 - 1,850 1,850 -
epper 1.5 0.5 - {1,640 550 - 2,080 230 - O E PAO -
(ther crops 1.0 0.11 - 14,050 1,610 - 118,310 2 c10 - |roax 2,500 - los
Cotton - s - - 4,530 - - 17430 - i - 2094 - |
tutarerma - - = - - 2,600]f - - 2,600 - - 2,600
Jobeeco - - - - - 210} - - 250 - - 290 ||
ttlier TPK - - - - 210, ! - - 270 || - o= /wol_j
127,470 47,930 3,120 161,370 :,760 3,020 06,010 73660 1,270 27
17,60 23,450 281,620
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Lok

<81,620

355,260

AR 57C

5777,

g

LA = 2T o0 0TE 5 AREA GG (SEUCITIVITY TESTD)
~irément || T TRaguirement o ; T |
tons in qt/HA 1975/6 S 197G/« 1077/8
ST T T TIIITDAR UTTIREATT T SK ) DA Ut R DAL TRER S
- {p.0 oM - 21,170 2,330 - | 26,670 2,7 3¢ - 22,610 3,700 -
- |p.0o o.61 - 6,450 3,940 - 8,260 Sy NN - 10,570 6,450 -
- Jh.o om - 4,270 470 - 5,420 507 - 6,880 760 -
- Ih.5 0.9 - |2%,610 2,190 - 4,580 2,770 - 5,820 3,530 -
- |p.o 0.1 - | 3,200 350 - 4,060 450 - 5,160 570 -
- .o - - | 2,650 - - 3,320 - - ", 200 - -
- .0 - - | 4,270 - - 5,420 - - ! 6,880 - -
- .o ns - 18,050 4,020 - {lho,380 5,130 - ! 13,400 6,700 -
- th.o 1.0 - 540 540 - 690 A0 - | R8O 800 -
- |n.s 0.5 - 800 270 - | 7,020 mo -~ il 1,202 430 -
- /[7.0 o.M - | 7,500 830 - 9,380 1, 30 - “ 11,720 1,290 -
- - 1.5 - - 8,410 - - 1C, 100 - - 12,100 -
2,600 [] - - - - 1,300 2,600 - 13700 2,6004! - - pLecr
50 1] - -  2NFK - - 90 - - 130, - - 170
S 1A% N = = - 180 - - 220 L = __ = .2
2,800 62,510 24,650 2,870 79,210 20,450 2,95 100,410 36,410 5. 030
90,030 1Me,67° 139,850
A~ " SA DAp_j?SO{J%EA ) DAPMRU %REA SA DATf‘ Mi SE T Df,P1985/1r+rr<":A.. cn
F /0 - |p7,230 7,290 - [B4,700 9,320 - {(h06,730 17,740 - | 134,480 14,770 -
E O - 2,170 13,520 - 1p8,370 17,310 - 136,220 7,150 - |, 64,490 28,240 -
P C - ﬁ‘hﬂoo 3,810 - {N7,900 4,8%0 - |} 22,740 , 140 - ,‘28,880 7,800 -
L0 - 11,920 7,2%0 - lhs,730 9,180 - {119,220 11,60 - {lo4 410 14 =19 -
0 - {10,570 1,160 - |p3,430 1,480 - {117,050 7,891 - g 21,660 2,380 -
- 1] 8.400 - - 110,590 - - 113,240 - - {116,210 - -
- 4,00 - - h7,900 - - [l22,740 - - [ieB,B80 - -
2 - 1]P8,760 14,380 - |137,090 18,550 - |{ 47,850 . 7,770 - :5 €1,730 20,860 -
) - 1,850 1,850 - 2,360 2,360 - 2.0%) 4,020 - !; 72,870 3,970 -
0 - 2,6 A80 - 3,360 1,120 - 4,260 7 ,+°0 - |' 5,410 1,200 -
0 - ;22,83 2,520 - ilpa,610 2,150 = |l 35,790 TLTE0 = 44,7000 4,920 -
o - - 20,92t - - 25,100 - - o200 -dn - 26, 140 -
2,600 | - - 2,600 - - 2,600, - - ?,600’2 - - 2
?5OJ - - 290 - _ 29 - _ PQC)‘; _ _ oy
200 - _——— 440 - ~ 27al - .= A - -
) 3,220 204,630 73,660 3,330 259,440 92,400 3,420 329,040 116,700 7 TI0 425 220 ALE 770 4 i
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SHAPT R TV
LOGIS LIS 0D 1.5 50010, FoovTLRTS
V- 1. introduction
Yhen Yhe £orvilizoee o croduescload b oeored ot s 0b-
foetors [or tlhee epo £ op o pt the shoul o be e oyoarted
into i countr. to 1o rpedilt stor o, sy to bl oiindc
farrs or to Liork.P. Controg.  In ori p vt rniXioize th oo
of *r-asport v-hizl o t, transport ‘tion should pr for
2roevenly spre Xk oovor o long period. Tho intividu-l
frrier 0w 0o nesns or is 0t willine: Fo bu, fortilizorg
long tivee 0 dv me o Dhis ig oo of th reasons, thoot
int rmediot SEOr WS S oon gstr ot sie gpoat, e v countr,
shoula o oqve il hle.  Thes. int -pe it or prir r, storos
stould b fod by the assab=Foctors o £ .0 in furn non 11
producs thoir ewn: scheros to 1-1liv ¢ £ rtilizers to sm:ll . r
‘ srorrmes in vill 5 nt o indiviiu-l - rmors. >
V- 2. Ir aspork tion sheuld be D orrorrod utine trucks with
treilers. M ocowcit) of such 1 ecorhin Fion 1e 22 tons. .

IV- 3. 3uit-bl c.ntr-; for printrs storemes cre 4 1dis abiahay

azarth ~d as 1. wh o itor wog do - xiot or re undor
. . . v z
con«struction.  Ih s stor e ape spoectiv 1. 10,000 tona, J

5,000 tons nd 5,000 “ong.,  Th. ton rontiond are

sitau t. 4 within r (~un bl diot me s Fron sceondwry

centr o (a3 firvure 1), Hor ov o Srivery stor .o eontr s
should b rrn 3 Fap in r».r, ) ognio (1lt«rw;tinly
fombolehr o1l voldya) nd lasswn (Rltornatively ASTI T ).
Py On e map the numes of Shess rreim o stor,.3 nro
. und-rlined,

Iv-3.1. o were infornd by Shell Cil

o)) ‘JO. y tn-t v orace

velocity of 50 kri per hour is feosinbl: b twounl Assab

and many controg. o tunin volocini oo oof 50 cospoctively
45 km we o caleul bod o sorn tir, seh dul.s (s.o tble 1 to 7).
It ws dndict d b 3mo11 th ot drives: nrofor dop-rtur.
frem Assab =t abovt 15,00 111 ~rdor to p:23 th: hoitest
wronoin bhe ot rason. Tin sehodulo s owoore nsde for
Tepritures o6 15,00 oy o+ 0600 nd In osorr cdes it
17.00. Th sebednl 6 ow v o~ f un oooaunine toant b

mximun drivine tir. i 10 hours (with  f =1 xecontion

of 10¥% -« 11 hr, in ~rlor to b bl o r..ch 1 suitable
town for . night stop) and thot . nj -t stop should b:

£ 115t R hours.,
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Th: cehsdul 5 1o rn th b=

1. vreecvnatrip dan b=ovis ubh Da=anttb hos Aurtion
of 4 4 . ¢y, ind proul b of the tir - of L p rture fron
Luscbe v o voeloedtl o oof dithor 50 or 45 ton
r.or hour do rnnt -1t r this se' dal cor oA robl o,

ii. @ pruandbrip s b=z r th=15 b b ko 54 st

fron
of 50 kr

aoumies ot o

b 45 m/hr.
v locity

S0 n/hr o cad 40 s
annab ot 17,00 ad
1.1 to ~ 4 4d ;3 rountrip,
drivine i -ft r 01.720,

Jonootur

ooVt

[STR RS LN

-
RILNAY

iii. woundtrips to i 1. 1 osp. Jour o tor 4 d .ot

bethh 50 1nd 45 kr/hr v e volncitl o

ive the rounitrip Avsib=a t2ic-aL b ecwn b o orthrmd
in 2d .o ot 50 kn/hre, whor 5 b 0 v loaity of
45 o/Mr it tow - 3 Ao,
Ve th rounctrip oo b= oroclehr=asonbh o oelte for 204 o
both & 50 “nd 45 kn/hr.
vi. th roundtrip ..irab=-0ldiy =iosib ke for 3 das
beth t 4% nd 2t B0 ke/hr wveroce v locitv.
T oconclucioan:r v theti-
«e 1inzeor . th i Gonholeh r. within short r r- ch
fron ase b than 41 Abiba, asol:y, Harrr o ond
coldya if oo weror velocity of 5C kii/hr cnhn be

r-1liced.

b. ac addic hab oand Ascl., nahve ilre 40 -n oinportont
function in th. distribution of f »tilizor:: their

b
should huve pr.fir.nc..

funetion shoul? X nsion Lo

no.ded IV

continu d, but if

woroth

Ce A DPriver” storc ot womholche i3 to b pr fired
to an: 1t Joasic.

d. a3 Wwoldin is bett r situst.d to nurmh r of north
west.rn nd rortheritowns s is doonie prir ry

ctoro ahuli b e d for oin doldi .

Trosport tinr truck s shhuld b bl.: to .chi ve

wor o v.locitics of S0 kii/hr.




3.4,

Iv= 4,
IV= 4.1,

IV- 4,2,

sobeo diatritation it oypth Af £Y saynatr itu:r
in w3 e e i it it vl pos aFer e Peilliti o«
Sroul'l rocet . A ws o D=ag v 1o 136 b oA

A D=le 3w v A0 k1o p b1 5t S 1o for
rouvdtrip o ¢ dd. . T r b bt ra. s oor kr noport
o thlo bt oof th o eceutrs i 40 tr moport oy 2o st rs
Ire sooacb B0 LW e Lopeel 11, Af kL Foeteor i bty
iv corplet d Fhis ia 0 converd o4, el » o quick o
of froioworte Jost poousudly Ww o oo pociticc botwe n
200 nd 900 tons.  In tiis e orivo e ostor o ot
Feonnwyr off rs 1o dvert ro3 g Sty poroila 0 Ar po-d
roomortatiog 1 vo1lhle £ty eorpy £ b tO

S5oeonl ey ster oo,

bl 4 shews JL ot e ta netrps 0ol 5 connl r oator
rousrort bioy v oprdicopy ostor  c oo b tpacks,

rroduction con s b i 1977 will L iecordirne 5o

didfor vt e od owpodction s b oty 1 0,000 o ad

100,000 tou.
aosuwred ot b

tor

2 fnlloin e

100,770 rre .,

c.lecul " tiorv 1t 1o

1
22

L1
10,000 “on por ship to M
U3 rourn (aadi-

30,000 tov: o 4 g o roundtips (Whzoer. th)

10,000 tuns on 2 1oy rounit ip: (Lorbolcehy).

Aiffero g
Ivc 0 1
N4

tributio pattirns, ro o consid rod

71 trine C 1., liwrr r),

B

n:l

Inc o 2. 10,000 tons por ship plus 60,000 tona,
20,000 ton: nd 1C,000 tous r o1, ctively »m 4,3 nd

2 dwro roundtrips.

S
15,000 tons by Sl

ceaw iy, 45,000 toun

45,000 tons 1, r truck in 4 4 .5 trip = 180,000 torsd s
]’)O s OOO " " " " 3 " \ - 90 s (\)C’O n -
10’000 " t " " 2 1" " = Q0,000 n -

220,000 ten=iau

drack s with tr il ro owith cinoeity of 22 toane b

b, us.ad. SMow Fer ey 13200 trnek 1y osroonocoosrn
"Mooprod et doSr . port, oo v - sor of 00 4y

2

200

ry
/
/

roatin 60 trucks
for 1.1 -y te.

w

5,000 tons,

rpirs, e d-d.

ol

driing

-2



IV- 4.3,

is

IV- 4.4,

owir ot Loort i 1w den s dupives 7 prowo K
e b i Af 7 s 84 fpucks o 0 1 d). 1P th

AL _"ridutisn v ceris oxt ol d 5o oo (33000 )

(%

40 troeks  roorood 3 o 4% 1nzluding 0 eonbinToral oo,
I th. pr ¢ 4 r- ¢ . lcul tion v o 41 fribution v or
20 ap HE0 A, . W o W e a.ir proo bl mieht b

Sy oy Al tributics n o tF oy fop iact e 700 of th
v orly consunptine in 220 < oy 0 oo der AR § 4!
10 A . v il 50 72550 of 13, ™0 “1ack=1." °r
9,900 trucr=1. 5 r. heondl & in P04 oy, 0 T
roinder 3,500 in 110 1 ose The o ot w e
Shotrueks iv b bap oot od 2% trucks i oo itie
Lo b (1 2ludns 0% eanbin el )l 55 ccording
tn diff ront » £t s 78, 48 or 4 track: e wnd o as

ooTaYiiun.

.,

S5 2
10,000 ton b ldip
A0 000 trr s nor busk in 4 Lois tripe o= 240,000 ton=d o
S5 , 00 " " " "oz " " = 06 R o000 " "
A , Ono " 1 " "o n 1 16 Lq./ YO " "

302,000 ton=d v

!

Using trieci=units o~f 22 forg 1 oz 4,070 truck

Anyo or o in oo cson o af 220 cnpa o= 7.2 0 athis 67 trucko.
adiiine 207 for d 1wy, r opoirs o te. #) frucics v moodedllt
asuned  bronsport iom during 7 toys porw ok (b 6 drs
por wick 94 trucks rconooodod).  If £ dictribution

n ried 1. xterd d £2 1y .oor, 45 trucks wroonoooled, or

54 includ.d 20% conting nei. .

When 15 Lo ¢ose 1 20 unev o on tictribution (75% in 220 d s,
257 in 110 d-ys) i cuppo. 4 thon 10,290 trucks s od
3,660 truck 1.+ v to b hoadld rospoctivl,s in 220

and 10 d.ovs. fthi* r ¢ th. uo. »f A0 reup ociv -1y

49 traeks i o 14 v oricds, P07 inelul d for continoacl s,

SO wrecrdloe to Jiffer ot vattorias 20, 54 anl £0 _truckys

A e doaa vitmalt o onnly a3 0 roaXirurie

I'r nspors ticn by Jhip.,  H>an true’ o oar onoodod £or the

tr-.oport crion of 15,000 tons reonoetivels 10,990 Eons
to araab=arbour o i 13727 the comp oyt ) bty wlll not
vyt b anapl £ 4. Howr vor, the oil-r finre j ttr, that




Iv-

-30=

offers nrol  lmnth faro o co ob p=ship, nicht bho g

usceful substitut o in Shis o transport tion can
Dot ov o royhort »odict necr, bhut tpucin: ape Nneoed 4
whoroar 4 well 1 - d »ut 2.0 o0 oomdl -+ tr  noport
wita belt convorors,  Sooouming th Lo o Fpuer  nd
troilor units of °2 tonma, 1t 0. % Hion of 15,000
tons ac'te for 200 poundtrips of 3 im0 oeh. An vrine

5% min cnch for 1o olins and unlo=wiin, 24 rwin drivinm
tin. (2P0 kr/hr) nd ¢ nin for ~xtpa's L rounitrip

t ks 1 hr 25 min. i corr osnonis to on hourly
crpaciby of 13,75 tons por truck. 4 loodins tiv: of

3% min rooams £ - 4 lovrs can b load 4 dir ctly
from th. output of : b zine unit. Usins thr - trucks,
om: beiny londedy, on. brine uwlosdsd nd on. on routr:,

40 ton n.r Mour con bo handl 4 ot £he quail sito, which

iz 21 mood worh o ke of loading., . shin of 250 tons .
¢an thus be load d in 6 hr 15 win, « ship of 800 tons

in 20 hours.  ‘ruroaportation of 15,000 tons «wnd 10,000 tona

per shiv will t:k o 1 5p etiveoly 375 <nd 250 hours and

could be ronlis.l o in 49 respctiv .1y 32 shifts of 9 hours.

o

esd sirultancously,

Thr © truck: ar..

—e
-
e

costs of Vi naportation

Li*tl infor: - tion coul. h. obt.incd about the cost

of tr.r port-tion, s inferred by the Road
Yransport wlministritlion kb5 fop th- prim.ry transport
sp.cial contract s sheuld b medo. 3 cius - of the

l~rrze qu-untities to ©  tr ncrorted (case 1 and 2

respe 85,000 mmd 90,000 tons) Fhe sricc por quinial

por km ocould He 0,007 - 0.008 or ,0.07 - 0.08 pur

ton kre  On the bz of ,0.07 3om c.lculations wWore

nade. Roturn cargo's wiecht rosult in lot.op pricc.
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30,000 *on: . idi~

thab~ (332 1rmy)

24,9¢0,000 t kr

10,000 ton. ;:-b (794 'om) = 7,940,000 " "

03600 ton: ‘Lorrop (923 km) = 4,040,000 " "
45,900 tons (4 11 trip+) = 27,540,000 t
13,000 tons ko [aer th (773 k=) = 13,014,000 t k-
12,000 tons o »lii (729 k) = V40,000 6 e
50,000 ton on % A0 btripo = 20,562,000 t

10,000 tori: to corboleh. (437 kn)
Total $2,972,000 ton: kn.
Joote At 0,07 = 4,408,000

f
~
+
«‘\“
O

s
He S
<
'O
cr
;

<

50,000 ton tn il Lab (532 )=41,600,000 t Kk

15,000 torns to o 1 (794 i) 11,912,200 " "
0,000 tonus tr lvrar

70,000 o0 o 4 iny pipe

L

60,000 T T

~ T
08,102,000 0 1

14,000 tons to Hazor th (723 ) 10
8,000 tom: to wolai: (627 Y ) 5,032,000 " "
2,000 tons on 3 oy 1

8,000 tens to ko balcha (487 wr) 3,496,070 t ko

tring

Totl 77,246,000 ton: imm

Contm -t .0,07 = ,%,400,200

™M cots o th g oconi~ry orid t pbtiary froosport tion

cuwnnk h culeulnt-d 3 th re r too in. uniimoun

I'nctors.
studi-d

iranaportation by ship has to b pu Eoly.

Irencportation to ocond try and tortinry shoraos,
The seecond 'r7 contr: s s rnioviicned in o x 5 oar
suppo:.d to b £ d from th rrirve.ry contreen oad oG

in turn supply; th tortiovy stere & ol naprt of the
consur.rs. [he t rti r»v Ctore oo cwolivore tootn
forners.  The o Jorit: of th
situt d within 500 i fro th:

coentr .

condory o-oahre oo op
poitar, stor

In tho.o - doup wdings A th Woldin storas

30T s ot L e odistone . S0 th

modority con
be roached in on or two 1n, rouwnitripn. Bot oo 0ill

n:ed 2 thr o dy pounttrip.,  Sot ruch ¢t b aid

2bout th nurb -
s.condars distrib

prvont £t proo

ol truczs to H

ution, ©'h

fallovin -

1

1d o vh

ungnown frctors

t to ~ehl v 1 onlution,

—
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1ii. Th i-pl awnatation nf 1 w nri ~rr and socondeny

- 2D -
i. ™ -qounts of € optiliz.r o v dictribut.d tn

the sSocoveoir eonbr 0 1 1> v T ounknown,

ii, It nieht v.ry w1l 9 ton ror eondnry eonbros
ar want 4,

o

roads nicht ~ltor F1 puntoan,

It cm how vir b 374d th & b c-use of £ shortor
wWorege distowe o h b o oprivar. o0l sieand ey torouio
18 conpiwr d with thos - b tw » £h reab=foctory nd thse
pric.ry ctor s ¢ ntr 3 the suwh o of Eme bt oboousod
will b> 1. 5. Do £ & h prirwc. “terss o b 501 80
nd A5 Erueliy ar oroo 2. roterh oo i Kheh bt L
5O A 30 trncks Lo ome d.d for th oooeot o ol borti I
frongport.e o v, oo ccurab. plos 2on ol be e

“Foth Alstributicn poit rac b Mmoo in 4ok il

ir.nport . .tion p-tt prns

re Aounts v xpro s .d wh b o troowmport ttisn fron
th. 1retory fe th inl 2! skope-e o sasulid bo po cible
recul-rlrye In otht e 0 1o ctor e o 0 fctor;
Sl uld o boenncidor de o lowev 1 whon tudying
tronsoort-tion poht Mo it b ocoo 3 obviens £ F oas oom
Wopo o iiol s ~ftir baeeins th oseaducts shouldt b load d
on truci d convey-d.  Such 1 pr atic nor onl.s nini-
Aizes h ndlirg of baes but L 1lus in tr msportation hav.
an rdverse offact on vhe mwobor ot trucks noodad and of
thy caprcity nowld for storae s of b,

Cdealatinn, were »d on th bigis of omihly productiong
of 14,000 ton., durins 7 <n4 11 ~onthn rocpectively

r oaultin in o wrly product lons of 93,000 t~r. nd

154,000 tor. Ih . roushlys th wvoalum o S0t shiould

b ronc d in 1976/77 -3 1972/79 .o etiv.. N

.~ LI
sh RS ST St

Use 2 (ChRpt r IV-4.7) yngs s od o
caleulaticiisy €07 »f toral volu . shoald 5 bEpqroportod
by rody vore ti- orour.e thipr i3 3.6 i1y o.
Pattires of troooaportotisn vl & - cn sy ly P odarrs
por v o eon o ider 4, 1% £951 5 procot th onwr b

of tricet and the tor ot o A oa for bagred ot viilo.




Jable IV-5
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Concluniinns

ransportatioy b tn Pritary shoracon
tentloned in Jhantor R=3,1 i- v otbyop

te tre diotpihatic Rl N rAN TR v
acherw. Ior bt tpansportati A 100,000 toris
~f fortilizer 2 f£10 08 of truclcs v'r vt hotyooon
44 v B30 10 onosdcd; the oxnet ou cbor Jopeoeling
ap~re the pattorn. In tai e v et tion
15 durin:s 7d por owoeke T Oy s ner v ok
o wnllable the nwe b roef Feaerls e 56 o 94,
It is acaud P b 1 bais okt Lo 15,000 t- .

or 17,000t s ocmod B the y pthopn part of
Yo eouwrkro. dhens quaititioc o owp f pably
Ere oported by co ot o chips Ea L osaun.
Loadine tir . ar £l oo qQumbiti oo ~phunt to

375 ~nd 250 heur roesvoctivoly. s 1o A
compruy s do bty with v oodern fFoeilitios e ot

wail-able, thr. truex:s olus roil 5 o,

neaded for troropartotion of bazg-d fertilizer:
froothe f-cter  t- w328b  Iarbeour,

Irangport tion of bapeged fertilisor should bo

donz covering the wholce +ir. of neoduction.




il

Lssab - Addis Ababa - Assab ( 4 days )

Table IV - 1

h 50 kn/hr 45 km/nr -
.A:-;-.qb 1 D 15.00 17.00 06,00 1 D 15.00 06.0C Assab g
Mile 1 A 23.00 1 Mile 1

NS
Mile 2 D 07.00 Mile e
Gewane 1 A 24,00 15.00 1 A 01.00 16.00 Gewanc 1
s NS NS NS
Gewane e D 08,0C 06.00 1 L 09.00 06.00 Gewane
fddis Ababa 2 A 15, 30 17420 1%.30 2 A 17.30 14,30 Nazercth
NS.T NS.U U NS.U U
Addis fAbaba ] D 06,00 06,00 15,20 3 D 06,00 16. 30 Nazereth ‘
Nazereth 2 A 17.30 2 A 18,45
NS NS
Nazereth 3 D 06.00 06.00 Gewane
‘mwane 3 A 14,30 Gewane
NS

Jowane 4 D 06,00
‘T"Tilc 3 A 16430 16,30 3 A 15. 30 Mile
: NS NS NS
'I"ilc 4 D 06.02 06,00 4 D 06,00 Mile

nig A 15.45 Serdo
NS
> rdo 4 D 06,00 Serdo &
Assab
lissab 4 A 12.00 12.00 10,00 4 A 16.00 12.45 Lssab
Legend: NG = Night stop
|3 = Unloading




Table IV - 1

days ) Lssab - Nazcroth - Assab (3 or 4 days )
45 km/hr 50 ¥m/hr 45 ¥m/hr
15.00 06.00 Assab 1 D 15 20 17,09 6,00 1 D 15,00 06.00
Mile 1 A 23.00
NS
Mile 2 D 07.00
01.00 ’16..00 Gewane 1 A 24,00 15.00 1 & 01,00 16.00
NS NS NS NS NS NS
09.00 06.00 Gewane 2 D 08.00 06400 2 D 02,00 06,00
17+ 30 14,30 Nazereth 2 A 134320 16,30 11430 2 A 115,15 12.15
NS.U U U NS.U g U.NS U.NS
| 06,00 16,30 | |Nazereth | 2/31p | 15.30 o600 .00 |3 | D |e6.00 06.00
18.45
NS '
06,00 Gewane 2 A 21.00 1. 30
NS NS
14, 30 Gewane L] D 06.00 064 00
NS |
06.00
15.30 | |Mile ; 15.30 15,30
NS NS NS
06.00 Mile ‘ 4 D 06,00 0,00
Serdo 3 A 15,45 !
NS ]
Serdo 4 D 06.00 i
Assab n | 15.00 - 15.00 i
16.00 12.45 Assadb 4 A - 10,00 - 4 L 12,45 12,45




|

issab - Lsela - Assab ( 4D )

Table TV-2

i 50 km/hr
' irab 1 D 15.00 17.00 06,00 1 D 15.00 06,00 Assab
{
i “ile 1 A 2%,00 '
! NS
i rile 2 D 07.060 f Gewane
l ,
D0 wane 1 A 24,00 15.00 1 A | 01.00 ' 16.00
I .
NS NS NS | NS
| ¢ uane 2 D 06100 06100 2 D 09100 i 06.00 Gewane
; [
Locla p) A 15.00 17,00 13,00 2 A 16. 30 ! 12, 30 Harrar
> U U U U U
asela 2/3 b | 17.00  06.00 1500 |2 | b |18.30 | 16,30 Harrar
l :
Nazercth |2 A 18.15 16.15 P A 20.00 . 18,00
NS NS NS : NS Gewane
{
Nazereth | 3 D 06.00 06.00 3 D 06100 | OGIOO
Mile 3 A 15.45 3 A 15. 30 1 5¢ 30 Gewane
NS NS NS
Mile 2 D 06,00 4 D 06,00 06 Joo
Serdo % A 15.45 15.45 ; LAssab
NS NS ?
Serdo 4 |p | 06.00 06.00 ;
Ls2ab 4 A 10.00 12.00 10.'00 4 A 12.45 12.45




Tabl e' Iv=2

kssadb - "~rrar - fLssab (4D )
50 km/hr : ! 45 km/hr
i
J.. e e e
15,00 06,00 Assadb D 15.00 06.00 1 D 15,00 NE 00
: |
|
Gewane A 24100 15.00 1 A 01.00 16,70
NM.00 ! 16.00 NS NS NS e
NS | NS
79,00 i 06.00 Gewane D 06.00 064,00 | 2 D 09,00 0G 0N
| |
16.30 ‘ 13,30 Harrar A1 17.3%0 15.30 | » A 19, 30 10.30
U U U.NS U.NS U.NS U.NS
18130 i '16130 Harrar D | 06.00 06,00 | ~ D 06.00 06.00
20,00 . 18,00 | [ ! |
R £ Gewane A | 15.30 15.30 i 3 Ll 16,20 16,30
!
26400 j 06,00 NS NS ' NS NS
15,30 15,30 Gewane D [ 06.00 06.00 | & D 06. 06,00
NS NS
6,00 06 Joo
: LAssab A 15.00 15.00 ; ; 16,00 16,00
| ‘
j £
j
12,45 12,45
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Table IV - 3
Lesab - Jorsie - Assab (2 or 3 days)
’-.. i~ —
| 50 %m/hr 45 km/hr
! —— - ——— v —
‘ s 11 D} 1500 |06.00 | 1| D | 15.00 06.00 Assab 1
" | |
Tl | 1 0 01.00 16.00 Bati
i NS NS
§ EXion 2 D 09.00 06.00 Bati
| |
D ~ie 11 4] o1.00 ﬂh 16,00 | 2 [ 2 | 10.30 | o7.30 Dessie 1
U.N3 U.NS ] U
Deczic 2 D 9,00 06,00 2 D 1%.00 09. 30 Dessie 2
| i
Cerdo 2 A 21.30 18, 30 Woldia 2
NS NG
oordo 3 D 06.00 06,00 Woldia 2
| Mile 2
;F‘uSﬁb 2 x’; /").OO 16.00 3 z’. 10. BO /]Oe 30
Mile p)
Lssab 3

1582b = [‘omholicha = ‘ssab ( 2 days )

e s e

50 *m hr 45 km/hr
.2sab 1 D 15,00 06,00 1 D 15.00 06,00
Kombolchq e L 0. 30 16,00 1 A 01.45 16.45
T, NG J.NS U. NS U.NS

FKombolcha 2 D 03,720 06.00 2 D 10,00 06,00
o b

A

18,00 15.30 2 L 20,45 16,45

e




v

Table IV - 3

vs) Assab = Yiol'i - Leeab (3 days )
45 km/hr 50 km/hr '! | VE um/hr
[ 1{ e
.00 | 06.00 Assab D | 15.00 06,00 | 1 | b | =00 07,00
'*-lOO 16.!)0 Bati 1 01,00 16,00
5 NS s RIS
T, 00 06.00 Bati 2 D 09,00 0,00
0'30 07.|30 Dessie 01,00 16,00
! u NS NS
.00 09. 30 Dessie D 09.00 06.00 ) ,
.'%O 18. '50 YWoldia A 11.30 8. 30 2 A 13,00 10.00
‘ NG U U U U
F .00 06,00 Woldia D 1%, 30 10,30 2 D 15.00 12.00
f l Ifile 0 20.00 17.00 2 22.00 19.00
D, 20 10.50 NS NS RIS NG
llile D 06.00 06.00 z D 04.00 06.00
Lssab L 12,00 12.00 ? I 12,45 12,45
A
+5 km/hr
0 06.00
5 16.45
18 T.NS
N0 0C.00
5 16,45




Table IV-4

Primary storages to
be supplied from
Assab-factory
Distances from Assab

Secondary storages

to be sunplied from
primary storages
Distances from primary
stornges

Tertiary storages

I. Addis Ababa
8322 km

Bako 242 km
Jimma %35 km
Debre Markos 302 Km

Gimbi

RBedele, Bonra
Finote Selam
Debre Berhan

I1I. Nazereth

Shashamenc 198 km

Sodo, Arbaminch,
Wondo

733 km fwash 125 km
IITI. Asela 794 km Dodole 130 km Robe
IV. Harar 928 km - Jijiga
V. Kombolcha 487 km Efeson 91 km Dessie

VI. Woldya 629 km

Fahr Dar 302 km
Gondar 300 km
Mekele 258 km

Addis Zemene
Metema (609 km)

VII. Massawa by train to
by sea: 500 km Asmara 100 km
ftkordat 27C km
by road to:
Asmara 100 km
fkordat 273 km Teseney, Humera
Adwa 2957 km Inda Selassie,
Adigrat
e —
Distance Assab - Serdo = 207 km
" Assab-- Milo = 203 ku
" Assab - Gewane = 453 km

Assab - Bati =

445 kn
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POSSIBLE FERTILIZER
DISTRIBUTION CENTERS

,% a® .E 500C

i J0 TO 5C

®» TO 2000

Asmarag %]

il

. lnda
Hamerg 9elassie - 2b
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i A / * Shoshemen " . B
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ft ' e L
! Arbamincnf (/' : S

chIV Fig-1
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PRODUCTION 98,000T IN 7 MONTHS = 14,000 T/M

-==" TRANSPORTATION IN 2 MONTHS : 43,000T/M
90% := 44,100 T/M

! |
| l |
0 — : : 2004 TRUCK LOADS/M
o | L NEED 1S 67 TRUCKS /DAY
L
50 « | -_——
| r
40 T ! [ |
[ 1 |
30 - ] :
20 :
[ROTE! l
N | 2 s ] e s e | 7 |
A
60
, r~=- TRANSPORTATION (N 4 MONTHS : 24,500 T/M
T 90% = 22,000 T/M
40 1 ! | :1000 TRUCK LOADS/M
- ! S S NEED IS 33 TRUCKS / DAY
[
Lo——1q
20 A |
| I
o - |
oL | 2 | 3 | a s |6 | 7|
B
40 |
o | TRANSPORTATION IN 6 MONTHS = 16,300 T/M
; A s SR 90% = 14,700 T/M
20 4 ! . | T e W : 668 TRUCK LOADS /M
0| ' | : ! , ! NEED 1S 22 TRUCKS/ DAY
i ! 6 ! H .
oL | 2 | 3 4 5 7 |
C
3 TRANSPORTATION IN 7 MONTHS : 14,000 T/M
20 - =T = e 90% = 12,600 T/M
04 77T : : S R = 573 TRUCK LOADS /M
| 12 + 3 4 15 1617 NEED IS 19 TRUCKS /DAY
o | l 1 [ s R !




PRODUCTION 154,000 T IN 41 MONTHS =14,000 T/M

[~ " ITRANSPORTATION IN 3 MONTHS:5/,300 T/ M
90 % < 46,200 T/M

= 2,100 TRUCK LOADS/M

NEED IS 70 TRUCKS / DAY

e ——————
|
|

____’______..._J

TRANSPORTATION IN 6 MONTHS = 25700 T/M
909% : 23,100T/M
: 1051 TRUCK LOADS/ M
NEED 1S 35 TRUCKS/ DAY

IN9 MONTHS: 17,00 T/ M
90% 15,400 T/M

: 700 TRUCK LOADS / M
NEED IS 23 TRUCKS/ DAY

IN 11 MONTHS : 14,000 T/M
90% : 12,600 T/M

573 TRUCK LOADS /M
NEED 1S 19 TRUCKS / DAY
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CHAPT SlL V
PRWSEC .0 7w ILIZSR  WUL JPUR. IN 3T.iIOPI.

V- 1. Introduction

When fortiliz.or sroduction crove heyond cortain lirmits it
will Do profitabl: to vrodus. withln th. country somo
fereiliver proluct: th now ar. inported.  Production car
b done cither fros iswort . d -nd aveilable loc il raw

wnterinls or from imported int.opricdiates.

s 1rportant factor is the situntion of th awetory relative

to harbovr racilitics. Jetty on the factory sit: night be

of utrost irmortance, s it greatly roluces provlors of

fromsportation fro~ ship to factory s3ite. o w0 She ccononmic

Ieasibilitivs of loenl production it rust ho stated that Ehiese
t' larg~1y depend on pricos of »aw =t ri-1s wmnd intormediates

as well ns on freirhtcosts. ot present tho g costs ar .

rather unstable 1nd subjct to Jignificant chanreos. Thero-

for: funsibility =tudics should be carri d out nnd ~uaptod

to current pric.s 4t roowlar intervala.  h nain purposc

of this chaptur is to rive a LHro ol surve, of th probleons,

fhe Frasibility studics, thiat ar. rothop tin consuning,

nave to bo sad. ceperrately ind oin Aot

V- 2, M nin preducts to b ows od dn o mives and ag straicht
fortilizors aroe diacnoniun vhosphnte (UaP) na urca. Ihe
demand projections (Chaptor 1II) for:s ¢ the followinyg
needs for NAP and urca.

e.
. Teble Va1 x 1000 tons
atricnts in DOP Total W
N ' PN >‘, VS Y\-: FJ ]P',‘r i L . ; *
Yoar DAP o Fo0y Nobhoan Ureaginel. 3
1Y /75 49,3 15,0 4 22,7 3.9 6.0 157
17375 /76 DT R 278 10,8 1047 22,0
1976/77 2.8 29,1 SRS 19471 T4 27.0
1977/78 39,0 54,0 40.9 16,0 1.6 5242
1973/79 108,71 9.1 49,7 1.5 22,6 42,6
1972/80 131.4 5.6 (0.4 23,7 2T N 51.6
19%0/81 159, 7 P24 7%e5 28,7 %43 6H2 .6
1981 /82 19er ¢ 7 37.8 “G .3 4.9 UG 759
1982/83% Q30,0 106, 7 T, 0 TPAN Y07 92,1 .
1983 /84 237.0 12044 122,90 ] 5147 53,5 111.8
at cortadin levels th wraluctior of int.orr: Ai-t . vid fortilizoers
fromn. 2 ¢ ~hraloel»o) et of wviow seapts ta b it o0 For th
8!
PEOLaen o and dntor c ot e s be e i e o hoing

QN T,
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This pl-nt i= to be irpl twnbed soorn. It has boon shown
that A saving of U3 .,22.- por ton (9974) of Fortiliz.r

does vxist s conmpnred with iport of bagged products.

The plant will contain one bulk Lloodine unit of 40 ton
hourly capicity, ns wall 5 2 begringe units of 40 ton/hr
capacity ocach.  Depending on the 1 nsth of th. nroduction
season (220 dnys upto 350 days) nd of the numb.r of

shifts (1 to 3) this plant his a 7 .arly caprcity of 70,000
to 300,000 torgs of rixed fortilizors. Its baytping cipacity
is twice ag large. Materinls to be nixed id to bo hamed
as straight fortilizeors meirly -1 0aP snd uro. Suall
nounts of sulphet> of gyonia, potossiuvt chlorid. r: to
be usced as well. T use or triple sup rphospiat. cight
br forescuen. 4 storas: for row meatorials to contain
15,000 tons quipned with 2 vuelk £ olovator ~nd bolt
conveyor for handlin:. matoriale is ne.dod.

nlthough it is adv-otag.ous to cransport vnomed fertilizors
to inland stor~mes imediatoly aft T vrofuctior this eanriot
be done under 11l circurmstances. Thorofore A storar: for
bamgud products is torescon.  Ite capreity 1s1N,000 tons.
as ntionad the nixivie and bageing units hav. 1arge
capacities and cnn et the naede upto 1983/84, For
econonic rensons nowever it is reasontble to con~idor

to produce the raw natorials for the: nixing nlont at the
factory site s well a3 the poasibility of looking into

the production of oth.r types like NP and NPK fertilizers.

all materials mention d have. to be iaport.d and in th.
first stapos ships carryine these producte have to be
unloaded at Assab-Hurbour. Port facilitios -t Assnbe-
Harbour arc lirited. Ho harbour erancs ar-- vailable

1t prosent and unloading of ships shouli be done using
the ships genr. Evon when oraps ~nd hopp.rs are provided
for by the company anloading rates will not bo high,
AS3UNing an avirae. tyove of ship's pror 8C tons per

hour can be unlondod. . fl.ot of 8 tippins trucks

is nceded to transport natorial fron the port to the

factory cov rinr a4 distie. of about 4 o At an

irportaticn rot. of 100,000 tons 1 voar b s tpange
porttion ¢ 't5 will b S.h.8/te . (s Shap. 11-2.21)
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Phnase II

The production of diarroniun phosphat. at volurn.s fron
60,000 t/y.nr apwards is roalised in gson countrics,
This level will b reach:d in thin country in 1974,

In th: Trgority of cascs o 0.p production unit of such

1 linited cpacity is cperatod if surffieiont supply of
phosphoric ~cid ~nd or UUWONIT wae available.  To
rroduce 60,000 tons of DaP or noods about 12,000 ton

of N or 15,000 tons of annonit and ahout 20,000 ton of
P205 in phosphoric acid. Doth quntitics ar too snall
to justify rroduction in Lthiopia. Th.r. for. hoth should
bce import 4.

ammonin is oy readily available as A liquificd g and
is transport.d in €x-einl snips At - 337 undor nor~al
atrospheriec pressureo. vrincipal ports for wronin are

in huwait, Trividad -nd algerin. Shiplonds ~pe ~hout
8,500 m tons.  Lhips v equipped to raintain the 1oy
terperaturs of lignificd amenia,  h. teds e
discharged in 12 houos using the ships cquipmert which

it an hourly rit. af abrut 700 tons ~r 1000 m3 (3w
armonia ot - 5300 = 0.68) or of 17 r]3 per rin.  To moot
this high unloading rat. storam: tanks have te be
installed at shopt distance fror the quai. This distonce
should not wxc.ed 200 Ne In order to raintain th low
tempoerature the Pipelinc should b.. well insulated and

its croes scetion should be suifici nt to 11low the
ship's punps to overcone the loss of hond in i pipeline,
Calculations show that n 8" pipeline of 200 m length
when conveying 700 trigs of MNONin per hour hes a
pressurc drop of 0,7 atr, which is adriisabl.., The sane
pivreline to the factory should have longth of 4 km nd
the less of nend would be 14 atr, which is prchibitive,
Horcovir such - lone and wide pipvlin.: hag - holdup capncity
of 125 n3, which is v.py high.

There are two w.thods to stor. liquified wronin. One
nethod i5 to store at low tenperatur. (-3300) undcr nornal
ntrosphoric pr ssuUrey the ct'iur one is at arbiont
tempreraturc, in #881b with oxpected terporatur. s of 4OOC,

the eorrospondive prossure ia 15 L. SEOr ge At atbiont

tmporatur  ~aphe dons ia Hortor t onge of sph riecnl zhan
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hege Hortonspher, hove o liritod copacity and 2,500 t
is the axiruee This oans tao t 4 to 5 of those tanks
hav: to be inet 1l .d te holdl » shiplowd plus the stock
that hns to be availabl.: to ongure uninterrupted
productior. .8 an 8lt.rrative cstoras: 2 b. done in

an atrnospheric tanic at Yow t .roperature.  This hns
severnl advontag:s ags compar 4 with dsrtom=spheres,.

In this cnsc¢ one tant of 12,000 HB, whizh hns proved

to be an .connnricnl gsize is sufficicnt.  The tank

should be well insulat 4 te koeeo the & rperature at

th. dessir:d low Lovel. Dhe amnonia vapour fron the

tank is conprossad, conled, ligquificd nd rroeyclede.

The costs »f auch 1 storaee tmak including corprossors,
insulaticn, buildines cte was UsSH670,000 in 1966. Costs
now will be US,1,100,000 »r 82,200,000, .bout 0,5 ia
o1 1and is noeded. 1t unt be kopt in tind taat about
50% of th- costs ar 1y insulation, foundatvion, building
cte.  therceiore nevineg of the inst-1latier, to annther
site is nardly pessible fror. an cecroidice point of viow.
When conveying the 11quid ~iconia to the factory the
tenperature showad b raised to mormel using o heat
exchanger with stean or it wator as the hooting ~.diun.
Transportation ol rofrigorat.d am .cniia through o long
pipcline is troublusornie e the interanl friction hoeats
the liquid which results in the formatior of vapours.
Sterage 1t factory-sitce can b done in one Horton-
sphere of 2,500 tons at ambi.nt toerperatur:. Supply
from the storage At the port-site can be deone gradunlly.
Thercfore 2 2mall diameter pipeline, able to withstand
nediun prossure (20 atr) is sufficient.

If ships can rioore ac A factory Jjetty neither the long
pipeline with pwipine station nor th sccondqary stornge
in a Horton-sphure are nccossary and r ~triosphoric
storage 1t the factory site is suffici.nt. 1In casc the
factH ry jetty ig built at a later tic: it ic hardly
possible to rebuild the atrosphoric stor-ge ~t th.
factory site 2t reasonable costs.  Gore morufncturers

of amnonia storag: installations are list-d bolow:-
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Pechiney = 5t. Gobain, iranc.
aelloee So, US.,
Sheridicoe, Usa
otadearbon, oll nd
tlont v dison, Ital;;
Mitsui, J pan

Phosphoric ncid ~an b obbtain 4 in shiplonds as 2

liquid contwining 544 295 - (Lquival ot e 759 H2P0,y,
another product is sup.rphosphoric ncid with 76% P50t ;
this liquid contains polyphosphoric ncids 2nd has - vory
high viscosit,. It is thor. for difficult to handle,
noreover it hns to by transforred into orthovhesphorice
acid (H3P04) boefore processing to DuP and sirilar products.,
Price in highv r than th. 547 «cid, but 1l wor transportation

costs could corvipergat. oo this,

lhosphoric acid can be obtain . d frar N-ufrica (Morocco,
Tunesin, Wdgers ) and fros Ulbe.. (Plorida). Shiploads
are about 8000 - 9000 tons containine anout 4,500 *ons
of P205 and having ~ volur of 5100 - 5700 .'15. Long
distance trv spowt 4 k») of phosphoriec acid through A
pipeline is not feasibl Au - +0 its eorr sive natur- and
to its toudiney to forn deoposits which would clog tho
pip-linc. Thorofore, a storage near the discharge quad
is nccessary. Che cennceting pipeline e thoen be nade
out of corrosion resistant mntorial and cleanisy: of the
short pipe is fenasible,

Storage capacity of 7,500 m3 is required in .rder to
ensure i uninterrupted production of DiP.  Five rubber
lincs steel tanks with 2 diroension of 15 @, in diarmoter
and 9 n in hoight conld handle this volure.  The rubber

lining operati n is carri:d out ~ftop erontion,.

Short distanc.: trarcportation of phespheoric n~cid should

be done in rubboer lincd trik=-trucks, 1n 1976 roughly
55,000 tuns (35,000 r13) of product hav: to b. transportecd.
This figure will inercise to 82,000 or 53,000 12 by 1998,
assuning the us> eof tark-trucks of 12 chng copacity 4000
truck loads por yo.ar or 21 per day e aecded in 1976,
assuning 2 reundtrip of 1.5 haurs, one truck can transport
170 tons per dny in 3 shifts (21 hours). (. roundtrip is
24 in driving., 30 nin 1 inm 20 cin unlc ding and 6 oriin
iiscollarcus)
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The ship has to unloaded in 3-4 days (72-96 hrs). To
transport 9000 tons in this time a flect of 15=19 trucks
(one a5 standby) is needed, one extra tink to enable a
continuous dischirg: of the ship will also be nceded. If
tanks are available -t port site only two tanktrucks are
Necessary for transportacion to the factory.

V- 4.3, 4 diammonium factory of 60,000 tons per season

(or 260 tons/day) is a feasible unit. ount the year
operation will increase this capacity to 856,000 tons.
Raw materials used ar: amronin and phospleo-~iec acid.

When using 2 mixture of phosphoric arid ard sulphuric
acid a compound fertilizer, ammonium sulphate phosphate
(48P) with A erade 19:33:0, can bo made directly.
Current inv. stment costs will be about £.2,500,000

(1967 Fertilizer ilanual) whercas a plant of nbout
120,000 ton capacity (520 t/day) will now cost about

4 4,000,C00 (sce Chapter V-5.1). Such a plant has a
capacity of 172,000 tone when run for 330 days per year.
4 storage for 10,00C tons of DaP should be provided for.
wone manufacturers of UaP pleonts follow:-

Pechiney - 3t. Gobain, France
Dorr Oliver, Uja

Nissan, Japan

Stanicarbon, Holland

Lurei, W/Gernany

V- 4.4, The transportation of phosphoric acid is cunbersone
and 2 storarme at port site is costly or a larpe fleet
of rubber lined tank trucks ig rcquired. lMorcover none
of th: fucilities (srmonia storar., phosphoric acid
storime J4P factory) could possibly be oa stream in
either 1976 or 1977, Ther Fforc the situation in 1978
should show important leads for further plans. we
shall sec that the consequ.nces are to bypass phase II
and procead dircetly to phwsc 1II,

V- 5. Phase III

5¢1. Phase 11T inpliss the production of phosphoric acid
from th: r-w matorials phosphrte rock and sulphur;
sulphuric acid beine a:- intermedicto,  nnonia should
Lo import.d as in Phage 11T

.
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rhnse IIT can b corafder-d whon 50,000 tons 1 P205

are ne:eded in phosphoric cude Thiz nonns about
100,000 tors ~f Dai. ifdis 1ov 1 is rocacd in 1979/79.
Phrgphoric ieid denod i 1982 will be over 90,000 tons
[ . i

H

5.2+ L0 prauce 1 ton ifpéos in phosphoric cid sbout 1 ton
of sulvhur nd 3.4 t-sns f rock phosphate (BT%PqOé/) ar.
necded.  as on ointernidiate 2.9 tons of sulphuric acid
are used. s A byproduct 4.5 tons of waste gypsw: is
prorduced,

' 5e2.71.Disposnl of this waste grpsun is 1 veeossity.  wlthough
there do oxist riecthods to use this »ype duct they are
‘ seldoer renliced ~nd dispronl 1s the st oe norical way
to deal with the wist o gypsun. The chap st was tn
digpese f 15 cvacuntins I9t) Bae 500, bub this ie only
pernittud whoen strom s son curromts ¢ Eivuously ean eorry ‘
-~ the pypsun aw- . T2 ™ ~vo turbul.nt curr.nt th.
) gypsun dissolves.  But in » slow strer it is only
P carri.d aw~y and lator o gottl s o the Sntten of

the sea ad on bhe gh-rog Yhus chusiaT avirens . ntal
haznrds. Near agsab the soa curr. 2ts e obhout 2 %n-ts
or 3.7 kn/hour with int.rvals - f 1> curr +ts. “Therofop.
dispnsnl in the seq near the const is nst adiaissible.
This 127veg two possibilitics, nnely .ithor disposal
4 ‘ on an oopty sit. noar the plant, whizh in ~ur easc will
be ongily available ~r trarsportation int» th do.up sca
using lighters cquipped with bottor disclinrge devices.
The first »wethod is to »e preforr.d.

Bori¢ proc.ss.-g@ 4o exist to process waste grpsun to »th:r
products.  From an ccononiicnl piint of vicw rost ~r then
are not foasible. an wexeoption is the preducticn of
gypsuil building blocks and panels for innor walls
providing o noeardy arkot oxists.

Othcr possibilitics arc the production ~f con nt , lus
sulphuric acid, th. latter product cwn be recycled and
of prrocossine it ir sulpiiat  of arsoonina nlus caleciun
carbar-te.  as 31id bofor  these procoss s d~ n ot offer

ieoriicnl sourd solutions.
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another waste product from phosphoric acid fastories
re fluorin: compounis in *ae rusoous offlusnts

8 thuse are noxious and corrosivoe sses, they should
be revoved.  Whis can he Ao by washing sith swe:t
water. T'i» soluticon thus ootained ean b cither
evacuated inlo the sc2 or better oo treat-d with

A solution of couni salt, t'us precipitating a
fluorine salt (sodiur. silicofluoride) th-t at prescnt

.

nardly can be "srkd.  os ost rock plrrosphates contain
3=t7% of fluorine, about half of whicih is cont-ined in
Tae w¥it eascs, 50-60 ke of fluorin: per ton of P2OS
1. phosphoric acid has to be reoved.  Methods o
pooduce valuable fluoritc corpounds fro- the wnstns,
are veing studied wmd uscd or a lirited sealo.  But
for the tire boing a4 well cstablished nrocess is

L4

hardly avail«o,o

assuni oy a production unit of 75,000 ton P2.(55 per yoar
or 225 ton/day when run on a1 round the y ar basis

(330 4ays) = sulphuric acid plint of 225,000 tons
capacity (630 t,day) inplics t.o wed ' a storapre

of sulphur of about 12,000 tans or 9,000 "’ (apparunt
spreflc wolght is 1,3=1.43 as woll s = storase for
sulphuric acid. o covered storage Tor 18,000 tan
phosphate rock is also roodod. anarent gpecific
wolght boing 1.8 4 42,000 .2 storage can hold 18,000 +.
Costs ot a 75,000 tou phosptioric acid plant ar.
<stimt-d to be 148,000,000, Costs for a 225,000 t
sulphuric acid plint arc ostiratd tc be 12,9, 500,000,

Resmning:

1977/78

41,000 tons (fP20'§5 irn O\F or 43,000 tows in phosphoric
neid are noeded. o 75,000 tore a oar plnt would
then be producin~ at 57% capacity. When run {or 220
days capacity wnull bo R7%.  Frey an econninical point
of view its fficienc would ho lew. The sanc applics

f>r th» sulphuri~ acii plant.




1978/79

1979/80

1980/81

1981/82

1982/83

1983/84

52,000 tons of P205 ,p. needed, t1.9* can be produced
in 230 days at full capacity or 290 davs 1t 80%

crpncity.

63,000 tons of P05 in phosphoric acid are neodod
wgich can be perfers:d in 280 days ~t full capcity.
Production ~t thnt level is econoniically attractive. |
In any case not lat r than 1979/80 pr-duction should

start. 3ut for 1978/79 it should alr ady b considered |

Scriﬂusly. <

77,000 tons of P205 ar: n .ded. Production can be
porforr.d 1. 340 dnays ~t full capacity.

- sceond phosphoric acid unit o1 75,000 tong a year
and A new sulphurie acid plant of 225,000 ton should
corc on stren, as 25,000 tons of Pp0%  are recded.
One unit should werk on full capacity. Th: now one

should producc 18,000 tous in 120 divs at 66%
capacity. Lventually the secend unit should start
one year lator and the niseing 18,000 tons of P20sg
in D.P (40,000 ton) be bousht and irported.

115,000 tons of Pp05 in phosphoric ~cid ~re nceded.
Unit 1 should produc: during 330 days 2t full cnpacity,
whoereas 40,000 tons arce produced in unit 2 in 250 days
nt full capncity.

140,000 tons P205 are nceded.  Both units should be
on strear durine 330 days at 939

Conclusions: ‘he first productiorn units of phospnaric

1cid and sulphuric acid should be in vroduction for
the scason 1979,'80. Thorefore pr-duction should start
in 1979. It rwust however be considered gseriously to

start onc ycar carlicr. The second production unit
should be on strear in 1981 or in 1982,
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This schedule is floxiol. od en1 be Wdaptod beoany
situntion thint procents itaooif. It rast o Zuept In ming
that storage capacity for phnsphoric neid io rnooded both
for dilut.d acid (30% P205 ) whici is an int o dite nd
for concevtrat :d acid (50-52% P205), Four rubbor lined
tanks, ecach of 1600 n3 will He: vooded. Whoen the smtput
is mrowine the preductior should be oroanisaed in such a
way that setivitics cover a ¢y plete yoar, naoly 330 days
+ 30 days for e :ieral overhaul “ctivitics. 1t such a WA
the nmaximun benefit is obtained fro inveests orte, Horcover
a factory that is not in use, suffurs rr fror eorrogive
wear than o functiecning plant. This is +1u. urless coreful
attendance is givon durine the wholo puricd f idloncss.
It nust however be ert ir iind thnt the infrostructurc as
to storuze facilit:os ir £h. countr il its nocessibility
by road nust be such chat transportiti~n of fortilizer is
possible all “he roar reund.  This situation shoull be
realised at loast by 1970 /1980,

The availability of ph sphiric cid ~pone the pess: bility
¥ produc: Sriple sup.rphosphn*  d rono=aru oniun phosphate.
These products ray be of 1apartane s as such or ag intornediates

for corprurd f rtilizors.

3o coufacturers of phosphaeric acid plants follow: -
Dihydrate plants:

Pechincy - St. Gobain, t,anc.o

tabl., Prayon, Bolgiun
Luregi, W/Germany
Cherie Bau, W/Gornany

Herihydrat: plants:
Nigssan, Japan
Fisons, U.a,

Sozie manufrcturers of sulphuric acid plants follow:-
Luregi, W/G.rnany

Shenic Bru, W/Gernany

Sivon Carves, U. K.
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a sulphuric acid pleot ig in noed of cnhalive water

as is a phosphoric nid plart. . pw.ping station
purpling s awst.r for *hosce purpas s s A discharge
line for spont woator his £ b oore vidld for. inrcover
sWweet wat v is qedd Do oneen 03 pupposes and as
boilor=food for ta uashbe heat bhdl r in th sulphuric
acid plant.

Raw materials »sedod for the prodnstion of ph ssphoric
acid are phrsphate rock anl sulphur. th v are indi-
catinns that both wirnorals . pras.nt in o sthicpian
s0il, but rnct ruch is known s to qua tities and
possibility of virdivg. Dhe Ministry of Giines is
highly intorost 4 to «xplore those 3epesits.  But uatil
mire 1s knmre ohout this subd et Fhos . raw ratorials
should be ipors-d. Phesphote is r ~Aily available
frow. H-.frican deposits (Mor-cae, 1 rin, Turicsin)and
from Jord=n.  Oponias of tEe Suez Janal will bring
these o within sivrt roceh oo Sthiopia.  Sulphur
is ebtained s A byproiuct fror. il and notural 718
processing in the Porgion ~ulf ar:n.

The quantitics to he irportcd ( x1000 +on ) are:-

T.BLE V=2 _

_w VY
unlnading dnys

Rock= At rtes of

phosph~te [Sulpiwr |- 30 t/hr 120 t/hr |24C t/hr

Y_nr
1978/79 170 50 102 54
1973/80 204 O 145 123 62
1950/81 252 74 208 162 7€
1281/82 3064 0 we R 4 93
1982/83 374 110 107 5 525 . 119
1933,/84 4:49 152 150 406 7 135

The quantiti s v approxioote mea: £h atount of roct phosphate
to be used depords or its P>0g ¢




dhe tir cccwsgnrey to oual nd these quontitios are
18 well 1hwticecd ir £ ble V=2, 4 rate of 30 t/hr
corres.onis o unl o dline using the ship's ~oar.

o vaite of 120 t/ar oo corr 3 tH th. use
harb ur croies.e ot presoerl c ol > faciliti.s

of ssab=H-rbrur o available. s this port has

1o harbour epancs the tivg rocded for unl-oading

2t 2 rale of 30 t/hr wnply & tne prose it situatioo.
slsowhere im tals report 4. probl i3 of transportation
froi sassab-tinehour to the fact ry hns oo treated
(sce chinpt.r VI). It wns calculited that o floet of
7 (8) tinoing trucks anl 21 deivirs ic cecssary to
transport the discharg d »at rial to the [actory if
unloading is done 2t A pote of 20 tons/Mr.  Costs
for unlocding plus trosporbaticon ape ,1.6F ad
12.17/6"n respictively b volus s f 290,900 and
100,000 t-ne.

If horbour cren s inst 1l.d % .ssab t' capacity

can b rais d £ty 140 t-ng/ar v re ud accordinely
9t least o flect £ 16 ftrucks (48 driv.rs) is necdod.
This is ~nly truac if tw. ships 4o 1.0 arrive

gnie tine o 4 10,000 t. s ship cenuni s nre

for 3 or €k da o ~t urloatiing pates

160 or 80 t/bhr (incluling rorrineg, s:ili
other activities)., The proe.omt aopacity is 8

or 6) days for a ship °f 10,000 tor, The unloading
scason is 250 days. Planning has to be such thnt
nwver 2 ships are in igsab-iliarb ur sivultanoously.
This irplics that ~bout 75% or 188 days ~rme available
a8 1 raxinwi.  Jacretors caxinue naleading: capacity
is 29 ships of 10,000 t-ns 1290, 500 £, When
volurzs »f inported natorinls ineroasce larg s nunbers
of ships have to be handled. In 1991/52 this velunc
sbnll be 484,000 toas ivercacint to 711,000 tong in
1983/84. This irmplics £t 2 cr sor.. tites 3 ghips
are to be handl. A4 sirultan:cusly. D0 2wrdl: such
large volunes of - aterinls ccergirnally 24 tipper
trucks (72 drivers) or rorc aro nood~d. 1t gshould

be studicd crr fully whethor it ~ceht bo eCL831ry

t~ build » raw rmat.rinl st rage o the harbour sito
in crder to spr. wd out poakz in arrivals ~f mrtorials
1t the fact-ry.
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alternative to unloding at the port-site is to

unload sn a Jjetty in the iry ~diate vicinity of

the factorve This jetty should be cquipped with

cne or two harbrur-crancs to cnable: a rate »f at

liast 120 tons/hr por crane. Iransportation to the
factory storage should be done using 2 b:1t conveyor,
thus clirinating the use of trucks. +th: ¢ sts for

such 2 jetty is cstinated to be 45,330,800.- Prefor-
ably this Jjotty should b available by 1978 wh n inporta-
ticn of raw ~aterials for t'ie productisn of phosphoric

acid and DaP starts. In this case the liquid amrmonia

storage can be built at th factory site 1ad neither
2 secodary storape nor a pipeline with punping
facilitics are neoeded.

4 1liquid araronina storage is very expoensive (sec
Chap. V-4,1) and can't be oved to nether site.
Therefore it is stroncl;r adviscd t build such a
storage at the factory site. o future production of

annonin asks f£or such A storage next to the production

unit,

Phasce IV Preducsion of .oonin and Urea

The best raw taterial for the production »f anmonia

is naturl ras. This product is discovered in Ethiopia
but at present little is known abeut both quantitics
and quality. & proiuctisn >f arnonia has inportant
conscquences.  First »f all Irmports »f nitrogenous
fertilizers nd of amnonia can be stopped and
eventunlly cxport of nitrogenous fertilizers nicht

be possible. Costs ¢f aumenia productinon shows a
sharp drop when d-ily capacity is 500 tons or rore.

At these high capacities turbine driven centrifugal

compressors c¢an de used to conpress the synthosis-gas

instead of rcciprocating compressors. The conscquences

are inportant savings in investn.nts costs nd lower
running costs.

48 1 conparison dnta fro- Fertilizer Industry, UNIDO
Monocgraph No.6, 1969 are nentionoi., Cost prices per
ton of amnonia using natural ¢as as raw tinterial are
for daily capacities of 200 ton = US#27.80; 400 ton =
US$22.64; K00 ton = U3$17.51; 1000 ton = U3315.90
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Although these fipgures at prescent are no longer valid,
their relative meaning can be ncepted. Consumption
in 1983%/84 amounts to 112,000 tons or 360 tons/day.
This neans that, at the present level of technology
a modern plant as described above has a too large
capacity. Such a iarge plant thorefor~ is only
feasible when pirt of its production can he exported
eith'r as liquid ammoni-< or better as urca. Whether
this is possible should he studied in detail taking
into account prices of row naterials, shipping costs,
investnents costs etc.

It must be kept in mind that production of ammonia
yields carbon dioxide which is apart from ammonia the
raw mnterial for the proiuction of urea. as a
consequ-iice urca production from imported anmonia in
meneral 1s not ccoronically attractive.

Apart fror natural i5ms s raw naterial for the production
of annonia @theP nroducts such a3 lignite, coal, fuel
oil, naphta ana (liquificd) petrsleun gas can be used.
Cost prices and costs of investrouts are highest when
using lignite, coal, fucl oil an¢ naphtae invcstments

for a 1000 tons a day plunt, respoctively are 40, 39,

30 and 25 millions U3, (second Interregional Fertilizer
Symposium Kiev/ Nowv Delhi. 1971). The investnents costs
of a natural sas and a n-puta basel armmonia plant of
200,000 tons per year. (600 t/day) are mentioned
(fertilizer lanual 1967) to be respectively 13%.6 and
17.7 million US dollars; production costs are respec-
tively w21.35 ard ,46.12. This is due rainly to prices
of raw materiils and of energy. Conclusion is that
probably only an ammonia plert of hirh capacity based
on the use of natural gas is feasible. In this case
export of nitrosenous fertilizer or s=rimonia is
necessary.

The problem is very complic: -cd and rmany important
factors are linbl: to chanme within the years to conme.
If at sone time natural gas 3 :cores available in
Ethiopia, the probler should “e studied in dopth.
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Sorme manufacturers of ammonia plants:-

Kellogg “o. = Udi
Chemico - Uui
Montedison - Italy

Sone manufacturer of urca plants:-

Chemico = Ud.
Toya=-Koatsu - Japan
otanicarbon - Holland
Lonza - Bwitzcerland
Montedison - Italy
Phagse V
V-7. _Production of corpound fertilizers

t‘ a8 soon as a lovel of 120,000 to 150,000 tons of mixed fertilizors
is reached it should ve considercd whetier a production of compound

fertilizers shnall replace the production of bulk bleaded fertili-
zers (Phase I).

The main diffecrence between bulk blended fertilizers and compounds
is that granules o the latter typc all have the sanc analysis,
whercas the bulk blended firtilizsrs have granules of differcont
malysis. “The advantagoe of bulk blending is its preat flexibility.
Conpounding on thc other hard »ntails lower costs. Therefore

at a high level of consumption corpounding process should be
considered. There are several typ.s of compounding processes.

The two most important narmely nitrophosphate proccsses and
annoniation processes will be discussed.

V-7.1. In the nitrophosphate process:s rock-phosphate is difested
with nitric acid. The obtained acidic slurry contains calciun
nitrate, a hiphly hyc1oscopic product, which should cither be
removed (by crystalliation a2t low temperature) or should be
chemically converted by adding sulphuric acid, phosphoric acid
and anmmonia. The latter process has rany advantagns as
compared with the first nention»d because no calciumnitrate is

obtained as a byproduct. Calciumnitrate is mginly used as a

fertilizer in cold climates. It has no use in the Ethiopian
situation.
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Nitrophosphate proccsses have the advantare of using only
srall amounts of sulphuric acid and phosphoric acid.
Digestion with nitric acil bas a double effect, first it
produccs soluble phosphates, second thio nitric acid itself
has fertilizer valuc. This reans o saving on sulphur which
is neeessary to producs sulphuric acid and phosphoric acid.
therefore nitropbasphate processts are relatively ch:ap.
Wwhen addinc potassiun salts P¥ fertilizer can be produced.
A separate storage for conpound fertilizors should be built.

This type of digestion asks for a nitric aciA factory.

Ammonia 1s the raw naterial, that is oxidizod tn nitric oxides
and absorbed in watcr to for nitric acid of about 56%. It is
obvious that the ammonia used to produce nitric acid can be
eith:r import.ed or produc:d at the tactory site. For

150,000 ton/y:ar of comnpounds about 50,000 ton/ycar ~f nitric
acid calculntad as 100% is needed. a4 nitrie 2cid factory of
50,000 ton/r=ar capacity consun s 14,500 +ton of ammonia.
Investrent costs (1973) will b2 about ...6,%0C,000, storige

of nitric acid (in stainless stoel) is included. & nitro-
phosphate factory of 160,000 tor eaprclty is deceribea in
Fertilizer lianual P.1%2. Its costs (1967) are nentioned +o

be E52,100,000. . nitric acid factory eonits eas.s that

mnipht be detrimental to the envirenn.nt.

The oth'r typc of corpound fertilizer productinm namely

the ammoniation process resembles the diarronium phosphate

process. In this type of compounling mixtures of phosphoric

acid, sulphuric acid and nitric icid arc treated with armonina.
Ready made DaP, TGP and amroniunm nitrat. could be added, thus
raising plant capacity. If NPK fertilizers are want-d
potassiun salts have to be adicd. Such a plant is very
flexible. Its general layout reserbles a JiP plant but is
nore complicated. Prices will ba: 20-30" hich-r ag compared
with a 0P plant. .4 plant of 420,000 ton capiwcity on a

230 days/ye~r basis (260 t/dav) recently (1974) was built

ir W/Europc for £.5,300,000. i scparate storacrc should be
provided for.
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When a compouniling plant is on stream the p-oduction
in the bulk hlending plant can b stopped as bulk
blendine; is a mor~ expensive production. However,

the bulk blending cvontually could b used for small
arounts of spocific nixtures. In this cass the flexi-
bility 2nd the specd and oase with which a bulk blend-
ing plant can be oper:ted for different blends arc
unrivalled advantaccs of such a plart.

Nitric acid apart from an awent in the nroduction of
ni.rophosphnte fortilizers is an irmoertant raw natorial

for th production of armoniur nitraite.  a roniunm

nitrate is widely used 15 a foptiliz r in nany countries,
nainly cs a mixture with finally sround limcstone (narl) or
dolonmit~. “he mixture with lim stone is known as

calciun armonium ni'rar or LalN. Morcover inmoniun
nitrate can be uced in compound fortilizers (sce Chap V=7,2)
wnothor u'e for atg.0niun nitrate is © 3 a cornponent for
explosives.  Theso xplosives are neinly used in eivil

and mining activitics s road builling, =ining operations
and quarries.

Phase VI

Production of potassiur chloride from Ethiopian deposits.

st what level such a production can be cconomically
feasivle has to be atudicd in deopth by nrinine cxperts
and tochnolorists. Production most probably should be
done at the mining sitc. The assab ortilizer factory
therefore should rot play an important role in potash
production., 48 a consurcr the fortilizer tfactory only
will be of impe~sance whon notassiun ccnsuription in
£thiopia reaches an important lewv.:l. Frasently such

a hirh level cannot be foreseen.

Sunnary

The use of fortilizer in sthiopia is e:ipict.d Lo grow
considerably in the years %o cov». This inplics that
when consunption mrows beyond 2o tain linits it becores
profitable to proluce within the country products that
nov are imported. iMe neigat o those lovels dep. nd on
ccononical factors a. raw ~atcr..il prices and freirht

costs as well 7 on tichnolegiog. Sunrcssive phases ar -
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Phase 1.
A _bulk blendinm unit and baeging unit,

Such a plant is feasible from a yearly volune of
85,000 tons on. This situation is reached in 1975/76.
One year lator the plant can be on strean, volune is
then 105,000 tons.

Phase II.

at a level of 60,000 tons DAP production fron imported
liquid anmonia ~nd phosphoric acid is feasible. This
level is reached in 1975/76.

Phase III.

Production cf D.P from inport.d anmoniat and locally
produced phocsphoric acid is fensible at a yearly denand
of DuP of 100,000 tons or ~ore. This lovel is reached
in 1978/79. “or thc production of vhosphoric acid it
is neccssary to use sulphuric acid to be rade out of
local or importcd sulphur. Phase IiI includes the

necd of a punping station for cooling water.

Phase II should be passod over because: 1St it cannot
be inplenented in tinme, 2nd because transportation of
phosphoric acid is cunboersoma.

Phase III should b. impleriented at the end of 1978
and certainly not later than 1979. Comprehensive
studics should start soon. Jtudies should include
the construction of a factory-jetty.

Phase 1V,

Production of arutonia and urea.

an econonicil production of ammonia and of urca is
possible at a level of 200,000 tons N/ycar or nore
and praferably fronm (loc4l) n-tural sas. In 1983%/84
local consumption will bec 112,000 tons of N. This
implies thoe nced of export of nitrogen containing
products. <+he problems of ammonina production should
be studied if morc is known about the natural £as
deposits in Ethiopia.
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Phasc V,

Production of corpound f:rtilizers.

The production of compound fertiliz.r can be 0of econonical
importance at levels of 122,000 to 150,000 tons. o level
of 140,000 tons is projected in 1980/81. Several mothods
to produce compounds do exist. On. of then, the nitro-
phosphat . prochss, inplics the use: of nitric acid to be
produc.d frorn aurorin. Nitric ncid can as well be used
to produce anmoniun nifrate nd e-leiwn amonium nitraty
(Cali).  armonium nitrate ear be used 1o I rtilizer or
fertilizer corponent 2s well as o corpon-nt for explosives
maii1ly for civil uscs (rod construction, nining,
quarrying). Yhis rather couplicatd subjoet asks for

a detailed study in depthy in which the apricultural
aspects of the us: of nitriteg should hc inciuded.

_Phase VI,

Production of por-zsiwr salts. This phnsy depends on
the possibility of exploitation of the Ithiopian
potassium dupozits. M fertilizer factory will not
hav: an irmportant rele in such a projaect.

Proauction of sulpnuris acid, phosphaoric acid and
nitric acid riey ~ive risc to air pollution., Up to
what level this is to be tolurated and what measures
are to be taken should be investirated.,

A ground plan, covering 10 IL. is added as figurs V-1,
Ihe discussed units s well as utilitics are presented.

Conclusions

1. Phase 1, construction of 1 hulk blending olant
and a bagging plant should be realised without delay.

2. The construccion of a sulphuric nacid plant, a
phosphoric acid plant and a diarminun phosphate
plant should be studisd. ‘hose studizs should
start soon, as such a plant mi -ht be feasible in
1978/79.  Inport of liquid imonirn, phosphate
rock and sulphur is aceded. Import of phosphoric
a¢id is not r:comr.onded. Import of urca will be

continuxd. 'The couscruction of a frctory dotty,
being of groat importince, siould be studied
without delay.

e
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The loe<l production of winonin and urea depends on
a8 yot unknown facters, .t due tire suca a project
should be studied.

The productioa of compound fertilizers ind of nitric

acid will be of importance fron "780/81 on. This is

a nany-sided qucestion involving nitric acid and its
derivates that could be inportant =5 fertilizers

1nd explosives. a detailed study in depth is rocommendec .
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CILAPTR VI
IMPORTATION OF FuliTILIsERS oND BULK HANDLING FACILITINS

VI. General
The handline of bulk fertilizer products when arriving
in sea going ships includes unlcading of th:> ship,
transportation of the materials to the factory and
conveyine into the storarc. Two alternatives are
possible in our situstion. first is the use of the existing
assab=arbour and its faciliti- s to unload th~ ships and
transportation to thue factory over 4 km distance. Sccond
ig unloading of the ship at 1 jetty or quai to be constructed
in the innediate nciphbourhood of the factory. In this case
the transportation of the unloadine raterial to the factory
will only cover a short distance. We shall consider unload-
ing of ships_and sraunsportation to the factory in this chapter.

Conveying of mnotorinls into the storaps. will be dealt with
in chapter 7.

VI-1. Unloading: of ships can se performed cithor by usine the

ships' gears or by usi»+ harbour cranes. In agsab-Harbour
no harbour crancs ar: available. Lherefore the only possi-
bility is thc use of the ship's gear consisting, of winches
and similar cquipment. lluch depoends on the type of ships
whether this eguipment is reliable and whether its handling
capacity is large or "ot. In wmwany cascs winches arc to be
operated by the ship's crew. Winches can be used with
elther buckets to be filled in the ship=hold by manual
labour using 2 ganeg of severnl labourers or with a grab
which asks for less manual labour. Both buckets and grabs
can unload into hon.rs or directly into trucks; the forner
method is by far sup rior as it affords interncdiate storage
Buckets have low capacitics and experience has shown at
48sab that a maximum 25 tons per hour or an average 20 tons
per hour can bo handled. (Information given by .issab Port
\uthoritivs). Grabs when usced with the ship's cear should
be of the "one rope' type; they can handic 40 tons per hour.
It is good practice to unlo~nd two holds at the sane time
even when mor. cquipnent is available. [To buckets, srabs,

hoppers or suitabl. trucks are available at isszab=f{arbour.
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Hoppers of 1C tons capacity to reccive the unloaded
materials ar. nceded. o8 the quais do not have a
rail systern stationary hoppers v to b used
(prices are nbout ,10,000). o the ship has to be
shifted wilien another hold has to be unloaded.
(10,000 torws ships currently have four holds).

when working on mors than two hol's this would glve
rise to complicated situations. The use of buckcets

has to be roj-cted as capncity is low (averame 20 t/hr)

-1d large gangs arc ncoded. Far better is the usce of
grabs cnabhling capacitins of 40 tons per hour ach.

Harbour Portal Cranes on rails. Phese are not available

at .ssab Port. Special grab crancs using "2 rope-tynoo"
rrabs are th hest c'olce. .verag: capacity is 120 tons
per hour. [They should be uscd with novahle hopoers on
rails, 1im nsions should L¢ such thit the portal cranc

can pass the hopper.  Lif - time of crancs is very high

and upto 20 ycars or nore. Pric.s of cranes are
»150,000 (information in lMonnassa) to «375,000
(information in dolland f.o0.b) :xcludin< the rails
systen. lMovible hoppers will cost ibout »4+0,000.
Two crancs would hav: an avorsa; o capacity of 240 tons

per hour with peaks upto 300 tons.

Pneunatic unloading system. These systems contain a vacul

system thit by suction can transport naterials from 1

ship hold to a ecyclone system where the material is

separat:d fron the airstrean nd after passing on airlock
can enter a silo. Distainces betw:en ship and silo hav.

not to =xcood 00 m. Pneunatic systom have capacities

comparablc with those of harbour crancs with grabs.
Operation is wery orsy. They are widely used for
unloadinf of cereals 1nd crains. nowever thoir use
for granular fertilizers has to be discarded =as
oxcessive wear of the relatvively soft granules takecs

place and nuch dust is forn.d. lareover granule

zoatings arce renoved thus decreasing quality.
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writer's personal cxperii»iaces with pneunatic conveyine
of fertilizer granul:s woere bad. 8 in our situation

dust creates a probloen, hoeause it cannot be recyeled

and recoating is not possivlie, the use of pneunatic
y3teme should be avoided. Pric:s of these conv:ying

syst
systems arc¢ very high.

I'rangsportation to the factory can be performed in

different ways. some of the possibl. ones are trucks,

belt conveyors and rope ways. The chwice: of the method
depends largely on the lensth and naturce of the distance
to be covir:d.

Transportation by trucks. ‘irucks should be tippine

typus that cwn unlo:?t without loas of tine into an
underground hopper. Filline of the truck should be

done using the hopr.rs nontionsd in €.1.1. md HA.19.2,

as the capacity of tippine trucks is linited (average
capacity 6 tons) = pront number of trucks and drivers
are nceded to rmatch th:. unloadine activities at the gquai.
an advantare of 2 truck is that it can be used on any
averas: road.

3elt conveyvors can be used to cover smnll and large

distances. Very simple layouts arc possiole when the
factory is connected to a nearby jetty. Long distances
can be covered up to seveoral kilom:-toers provided a
8trairht line can be followed., ‘therofore a cornection

of tho factory with ..ssab Harbour will be hardly possible
as nmany conplicated situntions at thoe port site as well
a8 in the town arce prescnt. lowever when using a factory
Jjetty a belt ccrv:yor fed fron 2 rmovable hopper is an
ideal equiprent. lLayout should be suclhi that the belt
conveyor is intagrated with the systoms of the storare
buildinp,.. Cousts ar: relatively low, totaling to about
3700-900 per n.

Rope-ways. In this type of equipment buckets arec
transporcved alonss cableg. {Rope-ways supported by
Eylons can pass obdbstacles in a relitively easy way,

as pylons can b« high "l be placed at large distances.
Curves can be made.
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assab=0alts Works usss a rope way of 1.5 km of lenrth

to load ships with salt in bulk. It was said that

raintenance costs ar: very hich du: to cxcessive

corrosion of the conplicot.d cquiprient by the sea breeze.
Investn .nt co.ts arc very aish. The 1958 investment on
18sab -8alt W.rks rope-way was Es2,500,000.

Uonclusions

For unloading ships a pneunatic systen coos not offcr

a suitanle solution. Harbour cranes are the best choic:,

they have large capncitics; investnent costs ars rather

high. Harbour crincs should be cquippped with grabs.

The use of prabs with the ship's goear is, when harbour

cranns are not available, th: next best choice. Buckeths .
uscd with the ship's ¢ear is not a good nrmctice; whereas

buckcts in conncction with crancs do not justify the

purchase of ~n ¢Xpensive crane. For transportation to

the factory the best choice is transportation by truck

in case materials are unleaded at ssab-darbour. Par

nore attractive is the us» of 1 conveyor hHelt on a jetty
near th: factory. Rope-wars do not give a suitable solution.
Therofore as soon ~s possionle a factory jetty with harbour
eranes and ~ belt conveyor system chould be constructed.

Unloading at ..ssab Harbour. .s pointed out 1in the forc=-

goins paragraph, in the ecarly yenrs of starting the plant,
all inported materials should be discharged in the .assan-
Harbour. Equipment uscd shnll consist of the ship's gear
toriather with approprite grabs and hoprors. Transporta-
tion to the factory is te be done by tipping trucks.

VT- Ze1el. Since the grabg ar: to be used by the ship's gear they

should bc of the ornr rope type. o recant offer

(Nemag, Rotterdam) for a erab of 1.8 ton capacity was
D.fl1 24,600 or E.19,500 f.o.b. Rotterdan.
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agsnning cycles of 2, 2.4 9md 2 ain resnectively 20,

25 and 20 cycles can be rade per hour respoctively

represeating capacitics of 954, 45 and %6 tons per hour.

30 40 tons per Lour is a secd avorace, corrosrmondins %o

830 tons per 22 hours. when workine on two holds (sco

VI-1.1) *he unloading capicity por day i3 deublod.

Threoe prabs with one as standby 2rc to be purchased.

T

otnl investrient is 64,000 cif assab.

VI- 2.1.2. Hopn:rs shouldl bo constructed on a portal ni should

VI~

1.3,

hbave such dincensions that the grabs can easily unlond

at the top. liorcover a tipping truck must be able to
pass under tae portal in order to he loaded without
delay. 4 heipht of avout 3.80-4,00 m and a width of

2.80 m iz needad to allov the truck (heirht 3.50 n)

to prss undcr the portal. <he hopp.r has the form of

an inverted pyramid of basis 2.8 x 2.8 and heipht 2.6
plus a prisr~tic part of 1.50 heisht.  Its contonts

are 18 u° or 16 tons (S.% = 0.9). OUn top of th- hoppur
is 2 srid with squarce heles of 40 mn. & threo sides the
hop wr his 2 platform with railinp. Total height of a
hopper is about 8 m,  fhose nopuers ean be transport.d
usine an wwtorictive cran. of the Port .uthority.

Boppers of thiz kind wore used by nthiopian analgarnated
1n an ttenpt to barg fertilizers on tho quai. They
tight b2 available as they so0m to be ohsolet. for
Ethiopian imalran bed. hen =anufactursd in the country
price will b about %10,000. Threc: of these hoppers arc
neeessary.

Yippinit trucks are necded to transport raw natcsrials

to the factory. Including th.: distance in the harbour
area itselt fbe total 11 :%2nc: fron ship to plant is

4 k. The trucks arc lo.ded at the hoppurs (VI-2,1.2).
vde were inforned that tipping trucks (lerced:s) have o
capacity of 6.7 m3 or 6 tons. .Assuning an averace

3pecd of 20 km per hour a roundtrip of 8 km takos 24 nirn.
adding 2 nin for loadirg, 2 rin for unlo~dins and 2 nin
for misc.llancous activitics the total tine per rounitrip

is 30 rin. voasequontiy the capocity of ome truck is
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12 tons per hour. Unloading capacity 1t the qual is
80 tons/hour. {his moeans that 7 trucks are necded to
transport 8C tons. iaving or. truck as standby a fleet
of 8 tipping trucks has to be available. OSuch a fleet
will cost 440,000 or ARN,000 including sparce parts.
The salvapge volue of the trucks after 200,0C0 kn is
agsuncd to be 15,000 per truck.

a flect of 8 trucks will work 220 days 2 year. Planning
should be such “hnat never 2 ships are in the harbour at
the same tine. {Lhen about 165 drys(75%6) are available to
unlo»d ships. “his co rcecponds to 290,000 tons per y.ar,
which has to bo considercd as the nwimun volune that can
be handled.

. VI- 2.2. Operatine costs of unlondine ships. ..t the darbour site

the ship's genr is used with the conpany's «rabs and

hopr r. Oporatiae costs contain capital costs wmda main-
tenance of caquipn it s well as laubour consts. Labourers
ar: to be nrovid..d fror Fort sulhority ard ar. not on *the
company's paylist. Iapes are averasged for day and night

shifts: ‘''he rate is

Forerian = 31.6%/hr
Cl.rk =  31.75/hr
Labourcr = .1.%%/hr

Labcar requirernent per hold is shown bhelow:-
1) In the hold + winch operator = 4
b) Hopper = 2
To supervise both Molds a clerk and a forcman
are nceded. The winch operator might be from the ships'cri:w.

30 total labour costs arc:

12 at 1,33 = 515.96/hour

1 at $1.63 = 1.6% "

1 at #1.75 = .75 "
Total 319434 /hour or

A4, 15 per day (24 hr)
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Capacity is 1760 tons per day, so the wapges compon:nt
in unloading costs is .0.264 per ton.

Investments are: 3 grabs at E$19,600 fob = 58,800

freisht = 5,200
3 hoppers each 10,000 = _30,000
$94,000
contin~encics 10% 9,500
%103, 500

Yearly fixed costs are:
Interest on capital 10% % 10,350
Deprociation 10% 10, 350
Insurance 2% 2,070
Maintenance 3% 3,150
t Total fixed costs 3 25,920

Total costs for unioading
100,000 ton/ycar are 426,400 + ;25,920
150,000 ton/year are %39,600 + $25,920
200,000 ton/year are 52,800 + 325,920
290,000 ton/year arc 76,560 + 425,920

# 52,320 or $0.52/ton
4 65,520 or JO.44/ton
» 78,720 or ,,0.39/ton
+»102,480 or .0.35/ton

VI~ 2.2.1. Qperating costs of truck transportation. u fleet of
8 trucks (VI-2.1.3) is nceded to mcet the unloading
rate at assab-Harbour. For operatin~ soven trucks on

threce shilt basis 21 drivers are required. The rate
of transportation is 80 tons per hour. ©On the basis of
drivers wages of 7300/month and inclusion of 20% idle

- time the bredkdown of costs corusto ,0.147/ton or

' 0.11/kn for transporting 100,600 tons. It i3 assumzd
that drivers are uscd in the factcry for other activities
when no ships - re to be unloaded. a8 a matter of fact
the drivers will only be occupied on their normal duti.s
for 1500 hr or 62 days to transport the 100,000 tons
nentioned,

Other variable costs factors related to trucks arc
depreciation, fuel, tyrcs and maintenance. & %ruck

costs .60,000 including sparc parts. On thc assumption
of salvagc value of 10,000 after 200,000 km depreciation
cones to 40.25 p'r kn., Diesel fuel consurption is
calculated to cost ;0.12/kmjwith tyres,naintcnance and
miscellancous costs taken as ..0.04, 0.06 and :0.03
respacetively the followins costs /kn ar. arrived at:-
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Driver wages
Depreciation

Fuel

Maintenance
Tyres
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Miscella.icous
Variable costs

$ 0.1
0.25
0.12
0.06
0.04

0.03%
$0.61/kn

For the 134,000 km distanco or.the 100,000 ton total haulage,

the variable costs stand at »81,740.

to interevst on capital, insurance, wares of a truck-flcet

supervisor and a mechanie in charge of repairs.

Insurance

Fixed costas are charged

and interest are calculated at 5% and 10% of the investment
respectively.

No allocation for road taxes is included.

Depreciation and maintenance costs are included in the

variable costs.

Wages for supervisor and mechanic is takc

at 46,000 and 4,000 per year respectively. The followlng
total results:

Interest on capital 10%

Insurance 5% of truck costs

Wages

Total fixcd cost
Continmency 10%
Total fixed costs

$48,000
22,000
10,000

» 80,000

8,000
% 88,000

Por different volumes handlcd corresponding costs are
transportation by trucks are presented in Table VI-1.

TABLE VI~ 1

Costs of transmortation by truck

Imports | 700,000 ¢ "50,000 t | 200, y 000 1

TOtii tzg:e:ed distance 1gg:OOO km 2gg;888 kn 222:000 kn 282:0004:
|__variable costs 81,740 122,610 163,480 237,290
Total costs 169,740 210,610 251,480 325,29C
Costs per ton #1.70 %$1.40 31.26 a2
Costs per kn $1.27 $1.05 20,94 40.84
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Investment costs for operation outside the factory are:-

Unloading equipnent: Grabs 3 4,000

iljoppers 20,000

Transportation equipment 480,000
Total b 274,000..

Production costs vary accordin~e to the volume handled.
Total costs per year for different volumes arc:-
Table VI - 2

100,000 t | 150,000 t . 200,000 t 290,000 t

Unloading 552,320 465,520 78,720 1,102,430
Transportation 169, 740 210,610 251,480 325,290

2222,060 , $27€6,130 $330,200 »427,770

Prodr-ction costs per ton for Aiffer nmt ysarly volumcs sre:-

100,000 t 150,000 t 200,000 t 290,000 t

Unloading $ 0.52 5 0.4 10,39 50,35
Transportation " 1,70 5 40 v 26 $1.12 |
Total 52,02 ; 1.8% .65 .7 |

The value of 290,000 tons has to bc conddered th: naxinun that
can bc handled in onec season. for greatcr volumes the equipren®
for unloading and transportation has to be doubled and facilitios
at the factory site to raceive different raw materials at the
sane time have to be extended.

This volume is attaincd when Phase III is to be implerented
(1978/79) see Table VI-3

VI- 2.3. Replacement investnents

The activities at assab-Harbour will be terminated
as soon as 2 jetty near the facteory is built and
becomes operational. [he volunm:s of imported
materials will risc considerably whan phase IIT
(sce Chaptur V-5) is operative, which is feasible
from 1978/79 on. Table V-3 prescnts the volunce
of naterial to be handled beyond 1975/76.

o
?

i
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Tabl: VI-3,volunes of naterials handled ( x 1000 t)

Phase I Phase III1 accunulated totals
1976/77 105 - 105
1977/78 126 - 231
1978/79 (160) 269 500
1979/80 (195) 324 824
198C,’81 - 398 1222
1981 /82 - 484 1706
1982/83 - 591 2297
1983 /84 - 711 3008

Assuning that no factory Jjetty is constructed, then fron the
start up to 1979/80, 824,000 tons will bhave heen transported,
which corresponds to 1,104,000 kn or 138,000 kn pcr truck.
Up to 1980/81 1,222,000 tons have been handled corresponding
to 1,638,000 or 205,000 kn per truck.

As the lifetime of a truck is about 175,000 to 200,000 kn,

the fleet of 8 tipping trucks has to be renrewed after 4 to 5
years. Costs including sparce parts (1974) are 480,000,
assuming that a factory jetty is operatinb by mot later than
1980 renewal is not necessary.

Grabs when properly maintained have to be renewed after handling,
of 1,000,000 ton ¢ach. 4as three grabs arc available, grabs have
not to be renewed until 1984 when 3,000,000 tons are handled.
Assuning that the factory jetty bacomesg operational by 1980
rencwal of the grabs is not necessary. when usine harbour cran:s
other types of grabs are needed.

The same applies to the hoppers, these iters have a lifetime of
1,000,000 tons and thirefore have not to be replaced befor 1984,
If by that time the factory jetty becomes operational the
hoppers have not to be renewed.

VI- 3.0. Unloading at factory jetty
When a jetty near the factory is constructed and is

equipped with suitable equipment handling of raw
materials can be perforn2d easily. The jetty hes
to bs equpped with 1 or 2 harbour cranss with frabs.
The cranes discharge the materials into hoppers,
Cranes and hoppers are riovable on rails.
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The hoppers discharge on a belt conveyor that is connected
to the convoyor systeorm in the storase(s). This allows
high unloading rates and thrreforc ships can be handled

in short times. This lowers costs and enlarges the
capacity of thc jetty.

VI- 3.1.1. Harbour Port*cranes should have a movable Jab and
be equipped with two winches, permittine the use
of grabs operated by 2 ropes. The cranes should be
novable on rails; track width is about 6 m. average
capacity should b ¢ 3 tons. Operating cycle is
) 60-90 sec depunding on shipholds etc; 80 sec being
a good average. This brinrs the hourly capacity
to 135 tons; when allowing 10% for shifting, other ~
‘: nanoeuvering, rest etc. ¢his results in 120 tons
per hour 235 a good averaec. idowever under favourable
conditions maxinun performance of 170 tons/hr is

possiblec. .issuming 21 hours work por doy an average
daily cavacity of 2,500 tons results. Th: nschine
will have a capacity of 100 hp = 75 KW, .iverase )
consunption of power is -bout 25 K.

In Table VI-4 the volum:s to be unloaded at the
Jetty from 1978/79 on arc presented as well as
the days the factory will be operating. The days
neceded to unload the quantities arrived at. the
Jetty are calculated using one or two cranes.

. vonclusion is that from 1982 on two cranes are
necessary as 72% is a too high degree of utilisation
of a jetty.

Table VI-4 . —
Year available | _volume onc_crane=2500 t(dg* two cranes=§000}[ﬂJ
days in tons |days nced % ol avall., days nceded % of

days avail.days )

1978/79 280 269,000 108 39% - - ;

1979/80 330 324,000 130 40% - - i

1980/84 330 398,000 160 48% - - !

1981/82 330 484,000 194 59% 97 30% ;
1982/83 330 591,000 236 72% 118 36% : |

1383 /84 330 711,000 284 95% 142 43%
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Hoppers. Each crane should unload into a hopper that
nust be novable on rails. Preferably the position
of the hoppcers relative to the crane is such that
tLe hopper can nove under the crane's portal, this
enables a position in which the crane has to slew
90° as a naxinum; thus shortening the crane's cycle.
The hopper should discharge on a bult conveyor throusrh
the intermediatc of a fceding device. (Belt foeder
or vibrating freder). Guch a hopper complete with
feeder will cost about »40,000. One hopper is
sufficiznt upto 1982.

Rails. Two tracks onc for the crnnes and one for the
hoppers arc ne:ded. .8 driving speeds are low (20-30n
per nin) usually old railway-rails are used for such
tracks. EShiopian Railways informed us that these rails
are sold at %0.27/kg+ taxes, th1at will rise the price
up to .0.50/kg. Transverses cost the sare pricc. One
metre of rail wcighs 10 k; as do2s the transversce.
Rail-track for the cranc is zbout 6 n wide, the track
for the hopper is about 4.5 m. When trangverses are
placed at a distanée of 2n; each ncter of complete
track costs »35.~-. .about 120 m of tracks are necded,
total costs are »4,200; assuning construction costs

to be the same and adding 20% as contingencies total
costs anount t¢ $¥10,030, say $10,000.

Grabg. The grabs to be uscd should be of the two-rope
type. These grabs pernit highor speeds of operations
capacity should be 3 tons (3.5 m3). Price is estinmated
to be %30,000 c.i.f. Two grabs, one as standby, are
needed. A third one is needed in 1982.

Belt conveyor. The belt conveyor should be able to
transport 120 tons per hour (with peak loads of 170 tons)
up to 1982 (see Chapt. VI-3.1.1). =t that time the
volunc to be handled demands for a second crane and

capacities then rise to 246 tons/hr as an average
with occasionally a p«eak of about 300 t/hr.
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The belt conveyor covers the lergth of the jetty and
brings materials to the storage discharging either in
the base of a bhucket elevator of the storage building
or gradually riszs to discharge on the belt convayor
in the storage (15 n). lthe latter construction asks
for gantric- to support the slopine section of the
conveyor; slope as a naximunm can be 15°. 4 bucket
elevator is superfluous in that case. a8 in Phase III
several storage buildings have to be fed by the belt
conveyor a switching systenm should allow this.

The length of the jetty is not yot known, it will depend
upon szveral yet unknown paranetcers. s length of 700 n
for the belt conveyor including tho Jjunction to the
storages might be a fair estinate. To transport the
required quawtity a belt conveyor with a spced of 1.5 m/scc
and a width of 800-900 mm is nceded. Costs night be
4900/m. Costs of 700 m of lensth are to be 3630,000 or
700,000 including gantries. Rcquired power is about

90 HP=67 kW. Life tinc of the cquipnent is expocted

to be ten years =nd nore. Belts have to be replaced

after 2,000-3,000 days of service.

Vi- 3,2.0.5umnary of capit2l costs.

Capital costs up to 1982 arc (at the basis of 1974 priccs)

1 harbour crane $ 450,000
2 grabs 66,000
1 hopper 40,000
Rails 10,000
Belt conveyor 700,000
Total 41,266,000

Contingencies 15% 190,000

1,456,000

In 1982 arc to be added (at the basis of 1974 prices)
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1 harbour crane s 450,000
1 grab 33,000
1 hopper - 40,000 _
Total $523%,000
Contingencies 15% — 79,000
»+602,000

VI- 3.2.1. Operating costs

Upcrating costs consists of energy, wages and of
capital costs (interest, depreciation, insurance aete),
Fixed costs arc capital costs, naintenance and the
wages of tic cranc operator (:300/month). The wages
for the unloading activities are considered to be
variable costs.

VI- 3.2.2. The labour ncedecd for unloadins ¢tc consists of

1 clerk (.1.75/hr), 1 foreman (31.63/hr) and
unskilled labourers labourers (;1.33/hr) 3 in the
hold, 2 at the hoppsr, 1 along tho belt conveyor
and 1 in the storage.

Totalling 7 x $1.33 = 8 9.3
1% $1.63 = 1.63
Tx%1.75 = __1.75
Total 12.69 per hour
or 304,56 per day/24 hr) at a rate of 2,500 t/day
costs per ton are ;0.122,

Total power consurption is: 92 KW representing 25 KW
for the crane and 67 KW for the belt convayor, At a
rate of ,0.08/KWH costs per day are: 21 x 92 x 0.08=
#154.56. Costs per ton at a rate of 2,500 t/day are
#0.062. Total variable ecosts thercfore stands at
$0.18 per ton.

Fixed costs up to 1982 are:-

Interest 10% $ 145,600
Depreciation 10% 145,600
Insurance 2% 29,120
Maintenance 3% 43 680
Wages crane drives (3) 10,800
Total $374,800

Contingencies 10% : 37200
Total 411,000
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Table VI=5 Costs at differcnt yolumes (onc crane)
Volune 270,000 ¢ 325,000 ¢ 400,000 t
Fixed costs 441,000 411,000 411,000
Fixed costs/t $1.52 .27 31403
Variable cost/t $0.18 30.18 »0.18

VI- 3.2.3. Capital costs after 1982 are 41,456,000 + #602,000 =

$2,058,000
Fixed costs are:
Intcorest 10% » 205,800
Depraciation 10% 205,800
Insurance 2% 41,160
Maintenance 3% 61,740 .
Wages crane drivers (6) 21,600
5%6,100
contingeicics 10% 53,900
total $#590,000

When using 2 cranes 5 more unskilled labourers will be added
to variable costs as compared with the use of 1 crane. This
brings total wages up to $19.34 per hour or ¢464.16 per day.
At a rate of 5000 ton per day costs are 10.093 per ton.
Energy consupption is 117 KW. 4t a rate of ;0.08 per Kill,
dally energy costs are #196.56 which corrusponds with

#0.039 per ton. Total variable costs are ,0.13 per ton.

Table VI - 6 Costs at different volumes (two cranes)
Volume 480,000 ton 590,000 ¢t 710,000 t
Fixed costs 4 590,000 % 590,000 #590,000
Fixed costs/ton $1.23 #1.00 "0e83
Variable costs/ton $0.13 30.13 0.3
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Sunnary. In VI-2.2,2 it has been shown that
unloading with the ship's gear at Assab-Harbour
and transportation with trucks to the factory is
linited to a volunme of about 290,000 t/ycar.
Costs are then #$1.47/ton.

With one crane on the factory jetty (1978/79) a volume

of 270,000 t/year has to be handled. Unit cost

for this cost is #1.70/ton

Maximum performance with onc crane is 400,000 t/ycar

at a case }1.21/ton. ~

Handling costs with two cranes (1981/82) at volures
of 480,000 t/yecar and 710,000 t/yecar respectively are
$1.36 and $0.96 per ton.

‘he conclusion is that at a volune of 270,000 tons
a year (1978/79) a factory jctty with one crane from }
the point of view of handling costs is feasible.

Frorn 1982/83 on a second crane is feasible.

No hirbour or mooring ducs are considered in
calculation of the above unit costs.

Replacenent investments
Harbour crancs last for 15 to 20 yecars and therefore

their revlaccment should not be considered before
1993 for the first crane and 1996 for the sccond
crane., When properly maintaincd replacement can be
5 yecars later.

Hopper will last for 15 to 20 ycars. Considerations
as to repls:erment are the fane as those for the cran.s.

Belt conveyor. The structural parts have a lifc tinme
of about 15 ycars. The rollers should be renowed
after 6 years, whercas the rubber belt will last

for 4 years. icnewal costs are estinatad to be
$250,000 for thue belt and $250,000 for the rollers.
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CHAPTER VII
MIXING & 3AGGING PLLNT

Vii- 1, ischnical aspects
The mixing and bagging plant is composed of a raw
naterial storage, a mixing plant, two bharging units
and a storapgc for bapgged products.

VII- 1.1. Storage for raw natrrials
The nost important raw materials to be used for mixes
are diammonium phosphate (DaP) and urea that vernit
to make nixes of ratio 1:1:0, 1:2:0; with additional
potassiun chloride ratio 1:1:1 can be madc. Fron
triplc superphosphate (TZP) and potassium chloride
‘ a ratio 0:1:1: can be nade. To arrive at suitable

grades inert fillers are tceded. For details on
foruulation sc¢e Chanter VII-2; dot:ils on snecifica
tions of matcerials including fillers arc discussed

) _ in Chapter VII-1, 3By far the most inmportant raw
naterials are DaP and urea. About 90% of the nixes
to be prepared cqun be nade out of thesc two products
plus a filler.

The storage for raw naterials should be able to
contain a full shipload (10,000 ton) plus material
necessary to ersure uninterrupted production. Its
capacity should be 15,000 ton.

! VII-1.1.1. In order to bring materials into the storage a bucket
clevator conveying materials to a beltconvayor instali.d
in the ridge of the roof is provided. Thec belt convevor
is equipped either with a tipping-off carriame or with

a shuttle conveyor in order to discharse materials at

any desired spot of the storagc. The an~le of repose
of the naterials is 300; the apparent specific weights
are 0.9 - 1.0 kpg/hr. Fillers are heavier.
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In the poriod 1976 up to 1978 or 1979 transportation to

the factory is donc by tippire trucks with a capacity of

80 tons per hour. Up to 1981 anlonding at a factory jetty
is foresececn at a rate of 120 tons per hour (with peaks up

to 150 tons). From 1981 on unloading rate will be incersasocd
to 240 tc:.s per hour (with poaks up to 300 tons) (See Chaptor
VI-2.2).

The bucket elevator could be replaced by an inelired belt-
conveyor but as the maxinum arglc is 150 a rather long
conveyor is noended. I the first period this belt conwveyor,
that should be built on gantries, should have another
position relative to the building as comnpared with the
gituation i: which the jetty Lecomes opcerational. .s it

is only in 1981 that the hipn capacity is wanted the buckot
elevator or the inclined belt conwayor cculd have a
capacity of about120 ton/hour whereas the belt conveyor

in the storapc should directly bhe made to rect a ratc of
240 t/hr (peaks 300 t). The buckot elcvator of 120 t/hr
can be us:d later is phise III as part of the DAF or
phosphoric acid plant.

ViI-1.1.2. Storage building for raw naterial

The building is filled from the top using a conveyor

belt as discussed before. The floor has to be construct a
in such a way that no croundwater can rise and reach th
stored products. Conditions at assab arc to be irvesti-
gated and possibly a watertifht floor should be constructcd.
Iwo types of buildings are studiced narncly those whore
materials are allowed to flow fruely until the angle of
repose is reached and those wherc heavy walls allow for
heifher piles.

annex 1 of this chapter contains a detiiled study about
the building and of the way materials snould be transg-
ported to the nmixing and bagring units. Results arc
that a buildirg of 100 x 25 1 with heavy wills of 3 n
height, made out of Le-shaped reiforced corcretc walls
and a1 aisle of 5 to € n of width along the lensth of
the buidli:y cmables payloaders *o traisport natcrials

to the processity; units. Price of the building is
estinated at 486,000.
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The equipment to covey materinls into the storage is
conposed of a hopper of 12 (48) tons in which the tipping
trucks (Chapter VI) unload. Yo ensure unloading of those
trucks the hopper should :ith:r bde built underground or

it should be attainable through = ranp rccessible for the
trucks. The hopper shall unload into 1 bucket elevator
through the intermediate of cither 4 bolt or a vibratory
fevder (2HP). The elevator should have a height of 15
ad a capacity of 120 to 150 tons/hour (30 .IP). .s soon
as the jetty is operational 1978 or 1979) this elevator

is obsolete (Jec Chapter VI-3,1.4) however it cCqn %tuen be
used in one of the production units of Phase III (3ee
Chapter V-5). The eclcvator discharg:s o the bolt conveyor
in the ridge of the roof. This conweyor is providing with
2 tipping-off device and tho couveyor should have a lenmth
of about 90 n. Iu order to be opcrationable aft.r 1982 it
should have a capacity of 300 t/hr; belt width should be
900 nr, speed = 1.5 rn/scc. Power included tipping off
device is about 15 HP, Inwvestment costs are estinatcd to
be .506,000 ( lee Chaptur XI-1.2.1). Total enercy = 55 KW

VII-1.1.2.1. It ig not necessary that the storage building be

airconditioncd. 4 study carried out from meteoro-
lofical data obtained through several y2ars at Assab
shows that a dangerous level of relative hunidity is
not reached. (5ee Chapter VII annex 2). The results
were that only scldon the critical humidity of ureca
1s reached at ni~ht time in the open air. This is
due to losses by radiation. In a closed storage
building this situation can haordly arise. If under

extrene conditions the tenperature drop in the storage
develops a i{oo high hunidity, some heating using an
open coal fire can do away with the problen.

VII-1.1.3.1.

In innex VII=3 the problcms rolated to the transportation
with payloaders are considered. Payloaders zan cover
the averapge distince in 46 sec. Therefore ore payloaicr
has ample capacity wher using buckets of 1200 or 1500 kg
to transport the 80 tors per hour needed for 2 units.
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iwo payloaders, of which onec is a stardby and to

vbe used under extreme conditions, can do the worke.

It has been shown that with loads of 1200 or 1500 kg
and a cycle of 50 scconds a suitabla progranme to
feed the mixing plant as well as one bagrineg unit

can be nade. (Bec Annox VII-4, fig 1a1b). 1In

both schedules a hopper with four-compartments

each having a volune of 7.3 m3 or 6,6 tons ic needed.

VII-1.1.3.2. Iransportation by hand-carts
This type of transportation asks for a great .aumber
of carts and labourers. In annex VII-3 this mcthod
is studied in details. Thc rosults of this study is
that 25 hand c~rts cach of a capacity of 450 kg are

necessary requiring 80 labourers and two forerian for
filling, transportation and digcharging.

When using a manual method for transportation the
hoppem of the processing units have to be built
under floor level., When using wheclloaders any
height of the hopper up to 2.7 n is acceptablec,

4 high hopper has the advatage that underground
construction of the hopper and the fecding device
is superfluoui, this diminishes costs and makes
supervision easier.

VII-1.1.4., Mixing unit

The mixing unit should contain:-

i. a hoppe: with discharge decvice (2HP) cap.2.5 tons
il. a bucket elevator (18 HP)
iid. a screen *o remove lunps (2HP)
iv. a lump breaker with discharge line (10 HP)
V. a swivel spout including small hopper
vi. a four compartmsnt hopper
vii. a batch wei: her for 2-2.5 tons batches
viii. a rotatory batch nixer; cycle 2-3 min (15 HP)
ix. a discharg: hopper; that is also the feed

hopper for bagring unit I.
X. a suitable ventilation (8 HP) to ensure dustfree
workinz conditions should be provided for.



VII"101040 10

VII-’] .1.4.2.

- 75 -

More specifically the top of the bucket clevator
and the casiny. of the screen should be ventilated.
Ventilator should contain a fan plus cyclone and
dust bag.

Total cnergy is 55 HP = 41 KW,

The layout cssentially should be as described

in the TVA publication "Technical and Econonic
Feasibility of Bulk dandling=Blendirny in Guatenala"
Feoruary 1974, Muscle ohoals, ..labana. The output
of the mixing plant should be trangported without
delay to a bagging unit. No storage of mixes as
bulk material is forescen.

The -oninal capacity of the plant as described
above varies botween 50 ard 60 tons per hour.
In actual practice 40 tons/hour will be a good
averare perfornaiice. The qunntities of mixed
fertilizers to be used in 1976/77 are projected
to be 47,000 ton; in 1983/84 this ouantity will
be increased to 250,000 tons (Jee vhapter III-
table 5).

47,000 tor can be produced in 168 days at a daily
capacity of 280 tons and with one shift. The
capacities of the nixing unit for 330 days and

1y, 2 or 3 shifts rospectively are 92,400, 184,800
and 277,200 tons a year.

The equipnent preferably should be iastalled in a
high building. The bucket elevator brings the
naterial to the top of the building; further
transportation is done by gravity. . bucket
elevator of 80 tons per hour capacity is needed
to ensure anple time to transport the differant
components to the rour compartment hopper

(See Annex 4, fig 1c, 1d).



S . YT

-7 -

The elevator dischargcs o a scrou:: that therefore

should have the same capacity. %he secreen should

have openings of 5 x 5 nn. Oversize is fed into

8 lunpbreaker, prefcrably a cage nill, Its dis=-

charge has to be recirculated to the sereen. Oince

oversize does not excced o few percents, a capacity

of 5-10 tons/hour for the lumpbreaker is sufficiont.

The discharge of the screen passes throush a swivel

spout to a four compartment hoppor. The swivel spout

is operated by a labourer, who also operates a

connmunication system to cither the payloadcr driver N
or a labourcr wio controls tho fa :*dig of the hopper.
Conmunication shoull be done using appropriate light

3ignals. In annex 4 the dinensions of the conpart- ‘
nentalizcd hopper ar: calculated. 4 hopper with a '
crossection of 2.8 x 2.8 2 hwing a pyranidical
part of 2.8 m of heipht and a prisnatic part of the J
sane heisht can hold 29.3 n3; which 1is 7.3 n3 or .
6.6 ton per compartment. "he 4 compartnents should

each have a discharge valve that cin be put in posi-

tions for coarse and for dribble feed. fianual

operation of these valves will bea satisfactory.

The operator of the weigher operates these valves.

The valves discharge into a weiphing hopner which

has to be fitied with a Yotton discharge valve. The

scale must be fitted with an indicator systen that

enables faultless formulation of components. Movable

discs each designed for a spceific formula are very

practical. The capacity of the weigher should be

2.5 tons. Lmediately after the batch is weiched,

the oporator discharges it into the (enpticd) nixer,

that is operated by the same operator. The rixer

should be of the rotary type, nore spocifically the

type that constantly rotates in the sane direction,

Cycle time should be 2-3 minutes.
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The mixer discharg:s into a holdiry hopper that has

to contain the conplete batch. This hopper, that is
connected directly to the bucket elevator of the
kagping plant, serves as feed hopper in case the nixinge
unit is not used and only straight fertilizers have to
be bagged.

Anple equipnent for dedusting should be provided for.
The most important is the vemtilation of tho bucket
clevator discharge and of the screen casing that is

directly connected to this discharge. Investment costs
+or the mixing plant are 481,000 (Jee Cha toil=1.2.3)
Fig. 2,3,4. prosents a flow sheet and a ground plan for the

nixing unit.

Fig. 1.5. prescnts a layout for the raw materials storage and
the procensing units. One¢ buildia© contains both
nixing and bagging plant ( ce Chap.VII-1.1.5.2).

VII-1.1.5. Bapging plant

The plant should contain two beimine uidits. One of
them is directly conuected to the —ixing plant thus
enabling bagming of the rmixed fortilizers without delay.
However i~ case no mixes have to be projuced this unit
should be able to proccss strairht feortiliers as well.
In this case the nixinz plant would be idle.

The second uni* is meant painly for the bagri-y of
straight fertilizers but could also be used for
nixed fortilizers (sce fir. 6).

VII-1.1.5.1. Both units should each have a naximun capacity of
about 50 tons. averare will be 40 tons per hour.
mach unit should contain:=-

i. a hopper with unloading facilities (belt feeder,
vibrator foeder or the like ( 2 HP )

ii. a_bucket elevator of 80 tons/hr capacity (18 HP)



o &

iv.

Ve

vi.

vii,
viii.

ix.

X.

xi.

xii.

xiii.

- 78 -

8 double deck scrceen in a dust free casing
(includirg dust bin) to separate lumps and dust
fron on size graiwules ( 2 HP ).

a lurpbreaker (10 HP) fed by a scraw (1 1P)
co veyor frow (iii) including discharge.

3 _hopper with mat: valve to feeod the weighers.'
The hopper should be fitted with level indicators.

a set of (duplex) weighors with 1i.:let spouts and
control mechanisn, frame and discharge funiel ( 2 HP)

8 filling spout allowins dust frce operation

glectrical equipment for autonatic control and
regulation of (vi) and (vii).

1 slat co .veyor or beltcorveyor to transport the
filled bigs to closiug equipment ( 3 HP)

3 heat scaler for p.e. liner bags (7.5 kW)

a_sewing uachine for Jute, p.e. or sinmilar woven
bags (0.5 HP)

ventilation uiiits to ensure dust froe operation,

containing fan, cyclone nd dustbag. Most important
is a veontilation of the clevator discharge and the
screen casin~s (8 HP) and a separate snall unit for
the filling spout (1.5 HP). "The first onc asks for
about 1000 n /hr at 60 nn watergaugre. “he fill ing
spout should be ventilated by a unit of a capacity
Of 45-60 m>/hr. Lir velocity has to be 75-100 om

on the spots were dust possibly could settle.

an air corpressor for weighers ard filling spout

control, CapacitJ should allow to operate both
units about 30 n /hr 4=6 atn are -iceded (15 HP),
Recent quotations fron W/Gertnny rawufacturcrs
anount k.82,000 to 89,000 fob., Europe for itens
(vi) to (xi) Total power requircrient is 37 HP +
7.5 Kd = 35 Ky,
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The two bagging units and the mixi-i plant

should be instulled in one buildins nade out

of structural cteel with corrurated ashestos
sidings and roofing. A hoisting shaft for
installation and removal of equipment as well
as a staircase are shared by nixing and bagging
units., The exact dimensions of the building
depend on the equipment to be installed. The -
steecl structure should be adapted to the equip-
ment. DMaterials are conveyed to the top of the
building by the bucket clevator and subsequent
transportation is mainly by gravity.

Once the bags are filled transportation to
sealing and sewinr nachines is horizontal.
Part of this equipnent is in a lower building.
This part contains anple room for the storage .
of cmpty baps and for iusertion activities to
conmbine inner and outer bags. It is assumed
that the building has a volune of 2000 m3; its
costs are 3140,000. For the sake of simplicity
#70,000 is imputed to cach of the bagging ard
mixing plant.

Fig 1 to 5 present ground plan and flowsheet
for a possible layout.

Dust is collected from the different units. The
sieves in the bagging units will produce as a
naxinun 1% of the throughput as fines, but
currently percentages are much lower. Specifica-
tions should include that no material be caught

on a 28 Tyler mesh or 0.59 mn screen. Careful
handling and transportation conditions are of
importance. Very snall anounts of dust are
produced in the ventilation urits.
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A8 a naximuzu 400 kg of dust can be produced per hour,
but currently quantities are nuch smaller. These fines
ghould be transported (by a chute-pipe) to collectors.

From an apricultural point of vicw the fives are as
good as granules but broadcasting is less convenient.

They should be sold at reduced prices, Investment costs
for the Bapring plant are w936,000 (See Chap.XI=1.2.4)
VII-1.1.5.4. & truck weigher to bc used for inconing materials

as wcll as for outpgoinm bagged fertilizers is a
very useful equipnment item. It :2nablas to check
in-and output. It should be placed nzar the
entrance gates. Irvestmonts are ,23%,960

(see chapter AI-1.2.€.)

ViI-1.1.6,. storage of bagred fortilizers

an ideal situziion would be to load all bags directly
after filling trucks and transvort them to the

inland storages. It is obvious that this is only
pogsible in a linited wny a1l therefore an intermedinte
gtorare has to be provided for. a4 storage cnpicity of
10,000 tor: provid@s with the desired flexibility.
Storage of bags can either be done by using pallets

or piles erccted by nanual labour. In the latter case
some specialized equiprent ni~ht be helpful. In

Annex 5 these methods are discussed in details and
calculations of perforra:ces and costs are radec.

The results are a huilding of 6% x 40 m and a height

of 5.5 to 6 n under the trusses. DThis includes an
aisle of about 6 nm for manoeuvering. Lhe floor has

to be flat to ensure safe operations of fork trucks

and other equipment. Costs of such 2 building are
#325,000. An additional outlay of 6,000 n2
workshop building is expected.

for a
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Forktruck transportation including loadins of trucks
asks for 2 forktrucks (onc as standby) and 5000
wooden pallets., workforce includes 1 driver, 1
forenan and 16 labourcrs. One shift can hanrdle

the production of 100,000 ton per year. It is
assumed that 75,000 ton of fortilizer are handled
in av1 out storage. Josts are: Invostrnents of
equiprient = (224,000

Manual labour. «heelbarrows arc used for transporta-
tion from bagging unit to 3torac: and for transporta-
tion from storarc to trucks. - Plling is dore entirely
nauual. 40 wheelbarrows are nceded whe: 4 bags are
handled in one cart. 64 labourers plus two forenern
are nceded. Investmnt costs are we 400,

iranspurtation by aanunl labour plus pilin: cquipnent

The equipnent required are two novable and adjustable
beltconveyois allowins st -op slopes to reach the top
of the pile. Workforc: iicludc 37 lahbourers and

1 foremar. Investnont costs are ,60,300.

The best choice is the iast nentioned alternative as
investnonts are noderate ind operation costs are low.
The use of 1uxilary equipnent offers botter prospects
for gentle and caroful handling than entirely manual
handling.

Opcration costs. Operation costs include depreciation
and maintenance, insurance costs of the buildings as
well as labour -nd energy costs.

for buildines depreciation is 5% and naintenance costs
are 1% of investments. For equipnent depreciation is
10% and niinteurnce 3-6% depending on the nature of
the equipnent.

3torage of raw naterials

Investments costs ~ro:-

Buildi.g v 486,000
Equipnent 506,000
Tatal 4 992,000
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The inst-llod power is 47 HP = 35 KW, 3 labourcrs

are needed; two 1t the discharge of the tippine trucks
and one to operate the tipping-off device of the belt-
conveyor. <Lthe forenan denling with transportation to
the storsge supervises transportation to tho processing
units as well. Three shifts ond 1500 hours are needed
to transpcet 100,000 torn (Sce Chapter VI-2,2,1) which
anounts to 4,500 man hours + the activities of 3 foreman
at »200/month.

Operating costs are calculated in Chapter XI-2,3.
Results for different volunes handled are:-

Volume 100,000 ¢ 150,000 ¢ 200,000 t 290,000 t
' cost per ton} $2.28 51457 2121 50.88

VII- 2.3. Tra:sportation freo storape to processing units
In ‘vinex VII-3 two different ways of transportation
are discussed, nanely tronsportation by payloaders and
as an altcern-tive by manual labour. In hoth casges

labour is continuously used and can be considered as
fixed costs.

VII-2.3.1, Results are thnt when using 2 payloaders of which one
as standby investnont costs are 168,000 ard operating
costs are .,82,500. When a voluae of 100,000 ton is
handled cos*s are ,0.83/ton. The naximun capacity to

1’ be handled by one shift in 330 days is 200,000 tons;
handling costs are 0,45 per ton. (Sce Chapt.XI-2.4)

VII-2.3.2, When using handcarts investments costs are 258,000,
80 labourcrs ure nceded for marunl transportation at
a rate of 80 tons/hr. 100,000 tor~ car be handled in
220 cays. ss a maxirun 200,000 %on cat be haniled
with one shift in 330 days. Operating costs are
w1.63 and 0,81 respectively at volunes of 100,000
and 200,000 ton.
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‘“ransportition by a cruw of 80 labourcrs in the proper
sequeic. to the processiig units is n very corpplicated
task due to the great number of urits and tce the differcont
products (3-4) to be trarsported. . great stress is put
on the forenen, who are rcsponsible for faultless opera-
tions. As nmistikes can be very costly and can harn the
good reputation of the factory traiisportation by pay-
lozders is by far preferabl: to ninual transportation.

[lixing; opcrations

The mixing plant has to be operated by 3 lanourers, one

at the recciving hopper whose task is to survey the

proper sequence of conveyed components, one at the N
discharge of th: screcn whose task is the opceratior of

the swivel spout to the 4-compartnznt hoprer and the

attendance »f the communication systen. The third G
operator is it charge of the batch weichor and of the
operation cycle nof the nixer including charging and _ ,
discharging. & foroer:an to coordinat. and supervise }
these activities is 28 well in charere of the bagring
onerations. .s these latter activitis have a large
volur:: his costs are iuputceéd to the dbamying costs.
inergy costs include conveyor systems, lump crusher
ard nixer. <Lotal power is 41 KV (VII-1.1.4). Invest-
nents arce #481,000 to which has to be added .70,000 for
the building (Chopter ZI-1.2.3). Operation costs when
run with one shift are calculated in Chapter XI-2.5.
itesults - for a volune of:=-

100,000 ton per year costs are .2.94 per ton

200,000 ton per yaar costs are .1.671 per ton

Bagrinz operatiuvise. .uch bagrine utiit has to be operated

by one luabourcr at the rcceiving hopper, one at the
filling spout, one at the hent sezler and one at the sewing
nachine. Gtloreover for both units topoether one labourer to
survey scroews and weighers and 3 for fe -divy the baggines
units with bags and for insertine incr ind outer bags. \
Moreover one forenan to survey both umits as well as the
nixing piant. Total -wumber of labourcrs therefore is 12

plus one forema: with techuicnal knowloAgo.
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Investnents (XI=1.2.4) are:
#936,300 for equipnent plus }70,COC for the building
(VII-1.1.5.2). Totnl investment is 11,006,300,

Op-ratirg costs wheiipun
at a volume of 1C0,000 toi/ycar costs are »2.88/ton
at a volume of 200,000 ton/Tear costs are +1.60/ton

VII-2.6. Jtorage of bagged products

In ionex VII=S details arce piven about transportation
of bags to storafe. Three altorn tives are considered
nanely:=

' ae  The usc of forktrucks and pallets
Investrnents are 224,000
agsuning 100,000 tons of bauims are hiviled

costs arc ,7.71 per ton; at 200,000 tons costs will
bc »0.85. In this case 16 ladbourers, 1 driver and
1 foreman are noeded.

B. Usa of manual labour ,
Investrents are low: .2,400 f
64 labourers and 2 forenen are nceded. Costs assuning

100,000 tons in and out storage are :1.79 per ton.

C. Usc of manual labour plus piliv;, equipnent
Investments are 60,300
37 lahourers and 1 forcnan are needed.
Costs in and out storaze at a volume of 100,000 tons are
»1.50 per tonr or .1.10 at tho double capacity(2 shifts).
Conclusion is that (C) offers a pood choice. Costs are
low and investileits ar: moderate. as conparsd with (&)
it creates nore employrent. .as conpared with (B) it
offers bettoer prospects for gentle and careful handling

v

of bags, resulting in l-ss damage.

VII-2.7. Truck weigher
Investnents costs are .23,900. (Sece Chapter 1I-1.2.6).
It is assumcd that no oxtra personacl is neocded to
operate the weisher, Yhe gate=keopror could do this work.

Operating costs (see Chapter XI-2.8)
For 100,000 ton are .0.06 per ton
200,000 tor arc w0.03 per ton
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In
Qunmary

Costs for investreits and operation of storage and

handling of raw materials nmixiug ani bagging units

and storage ard handling of bags are summarized in

the following table.

Table VII-1

© Investnen Operating
100,000 ton

Costs .
200,000 tong

Storage
Storage

Bamping
Storare

Mixing plant
50% of volurie 551,000 2.94

in 992,000 $2.28
out 168,000 0.83

Plant 1,006,300 2.88
bags 1.50

Trucks weigher 2 0.06

#1.21
0.45

—
¥
t

1.61
1,60
1.10
0.03

VII- 3.

|::==g=9=;=g=;==d=;

Replacement investnents

T
V

Iz:==§§§99:===4

The storage building contains a bucket elevator and
a belt conveyor system. Lifetine of these apparatus
is 15 years or longer.Of the bucket clevator chains

and drive wheels have to replaced cvery 4
a cost of

The buckets have to be rencwed after

8 years of service at a cost of

The motor and the rear reduction have

to be replaced after 10 years, costs are
The belt conveyor system has a lifetinme
of 15 years or better. The rollers have
to be renewed after 6 yecars, costs are:
the rubber belt after 4 ycars costs are
The two motors of 3 and 12 HP and their
recduction pearbox have to be replaced
after 10 years of service at respectively

years at
«» 50,000

40,000

9,000

35,000
35,0C0

900 &2,400
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The equipnent for trasportation to the procussing

units have to be reiaewed after 10 years. When

properly maintained the enrine can attain the sane

lifetir.e. It might however be nesessary to rencw

the enmine after 5 ycars of service. Costs are

estimated to beevivvoen... w 20,000

In the mixing plant have to be r¢newed: beltconveyor
at the hopper aiter 15 years and after &4 years g

PElt 8 v ecevencococnncns 1,500
rollers after 6 years at 1, %00
nmotor after 10 years at 600

The bucket elcvator has a lifetime of 15 years to be

renewed are after 4 ycars chains etc at 22,000
buci:ets after 8 years at 22,000
rnotor + gearbox after 10 ycars at 5,400

The screen has a lifetime of 15 years

Lurp breaker: lifotime 10 years 10,000

The weirhcr has a lifetine of 10 years 10,000

The mixer has a lifetine of 15 years and lonmer;
after 10 ycars notor and rearbox nave to be renewed
costs are 4,500
The discharge belt of the hopper has a lifetirme of
15 years. To be renewed arc:-.fter & years belt at 2,400

In the bagging plant have to be rerewed 2 bucket

elevators after 15 years, intcrmediate renewals

like chains ctc. after 4 years at 40,000
buckets after 8 years at 40,000
notor after 10 ycars etc. at 10,800

The fcedine belt has a lifetir- of 15 years, but to
be renewed arc after 4 yours a belt at 1,500
after 6 years rollers at 1,500
after 10 years notor ete. at 600
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The screen has a lifetine of 15 years. The lunpbreakers
have a lifetine of 10 years costs are 20,000

The weirhers have a lifetinc of over 10 years

the slat co:veyors have a lifetime of 15 years,

its belt and roll-rs have to be renewed aftcr

4 years at a cost of 5,000

regpectively, after 6 years at a cost of 5,CO0

The heatsealers have a lifetime of 10 years
their costs are 50,020

The scwing nachines have to be renewed aftor 10 years
at a cost of 16,020

In the storage of bagred products rcncwals are:

after 4 years 40 wheelbarrow 2t a cost of 2,400
The conveyors for pilins bams have a lifetine of
15 years, but aftcr 4 ye2ars the belts hav: to be

renewed at a cost of 15,000
after 6 years th: rollers at a cost of 15,000

Phe lifetime of the truck weipgher is 15 years or better.
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Chapter VII Annex I
Storage of raw materials

! 1e In the chapter on mixing and bagging plant ( see fig 1)

' three types of storage buildings were nentioned, each

to contain 15,000 tons. In these buildings the raw materials
are filled from the top of the building using a eonveyor belt
with a tipp.ng-off carriage or a similar device.

The floor of the storage has to be constructed in such a way
that no ground-water can rise and reach the stored products.
It has to be investigated what the conditions are at the
Assab-site and possibly a watertight floor construction should
be provided for,

' Te1s A, Building without heevy walls (fig Ann,1-a)

As there are no heavy walls, the material flows

~ freely to reach the floor at the angle of repose
of 300. Assuming an apparent specific weight of .
0.9 a volume of 16,700 m> is needed, A building
of 125 m of length, a width of 30 m and a height
of 4 m above the top of the pile has a total volume
of 31870 m° and & surface of 3750 nS, Total height
is 13 m, An aisle for the vayloader should be
provided for, in order to enable a trouble frece
transportation this aisle should have a width of
5me Its surface therefore is 625 m2, which brings
: ° the total surface upto 4375 m2. The aisle and the
storage building should be separated by a wall
preventing dust to penetrate into the aisle. 1In
this wall apertures of about 3-4 m of width should
be proviled for to enable the payloaders to enter
the storage. Sidings and roofing of the storage
building should be made of corrugnted asbestos cement,

1.2 B. Building as a with heavy walls of 3 m height enable
to withsatand the pressure of the material, These

walls could be made either out of nasonry (B-1) or
out of I-shaped reinforced concrete wall sections
(B-2), (See Fig Ann 1-2), hto Lbebe Mulunch made
calculations as to costs and dimensions. In order to
contain the raw meterials a building having a length
of 100 m and a storage width of 25 m can contain

15,000 tons, Total height is 14,5 =m ascuming a free

space of 4 m above the top of the pile. !
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B-1. The heavy walls n=de out of nasonry were

calculated to have a thickness at the basis of

2.170 m, at the top of 0,50 m. Average thickness

is 1.30 ms So the building has to ha¥e an overall

length of 100+ 2x1.30 n or about 103 m and an over=-

all width of 25 + 2 x 1,30 or about m in order to

have an average useful surface of 2500 mz. The cost

of such a masonry wall is calculated to be %243,40

rer m of lengthe An aisle of 5 m should be provided

for, which brings the overal width of the building

upto 33 m, The aisle should be seprrated from the

storage. Total surface is 3400 m2. The heavy walls

should have at regular intervals openings of 3-4 m of -
width in order to enable payloaders to cnter the storage.
This apertures should be closed by light wooden construc-
tionse. 1In fig 5-c such a construction is presentcd.

Yhen the angle of repose is taken into consideration
construction can be such that there is no lateral pressure

on the closure. '

B-~II.Instead of masonry walls L-shapcd structures made
out of reinforced concrete are used to retain the
pressure of the stored material. These structures have
an average thickness of 11 cmj in our celculations as

to the dimensions of the building this dimension can be
neglecteds The separate units have a width of 0.92 mj
they should be put one next to another. Wooden beass
bolted to the separate units hold them together, The
price is calculated to be $#370 per m of length. The
building hes as dimensions: length 100 m, width 25 m,
uisle 5 m, : 0 total width - 30 m, height over top of

pile = 4 m, Total height is 14,5, Useful surface is
2500 m?, total surface 3000 n2, The aisle should be
separated from the storage in such a way that no dust can
enter the aisles Therefore the open room between the
roof and the L-shapcd wall should be closed by cbrrugated
asbestos-cement sidings. Openings in the L-shaped wall
at regular intervals should be made; closures should be
as in BI,

/.ao
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Buildings with hcavy walls of 4 m heights As
compared with A and B these buildings still can
be shorter. Morcover the length of the belt-
conveyor ir shorter and therefore its costs are
lower, but as the building is higher the costs
of the bucket elevator are higher. As well the
distances from storage to production units are
shorter snd transportation costs are lower.
However, as piles are higher thefe is a higher
tendency for caking when stored for a long time.
This Bight not be serious when raw matcerials of
good quality are used, Closures of openings in the N

walle are more difficult to arrange and to handles

In order to contain the raw m;terials a length of

8% m, a storage width of 25 n and a free space of .
4 m above the top of the pile is neededs. The building
(see fig 1-c) can then contain 16,500 n of materials
or 15,000 tons. It has a useful surface of 2125 m2. |
Calculation showed that masonry walls of 4 n Righ

would be very thdek at the base and therefore do not

presenl & proper solution. So this type of building

is not considered as a practical alternative,

Instead of masonry walls L-shaped structures are used,
The aver-~ge thickness of such a structure is 25 cmg
in our calculations therefore it can be neglected.
The price of this type of wall is calculated to be
$850.~ per n of lengths The building has now as
dimensions length 85 m, width 25 m, aisle 5 m; so
total w-dth is 30 me Height over the pile is 4 mg
total height is 15.5 m, Usefull surface is 2125 m2
total surface is 2550 mz. The aisle should be
scparated from the storage in such a way that dust
cannot enter the aisles Openings in the walls at
regular intervals should be provided for,

/ccc
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Costs of buildings
In the calculations the price of the plots have not

been taken into considerntion as no exact data were
available, The costs of the building as a concrete
structure with steel trusses and roofing and aidings

made out of corrugated asbestos-cement are estimated

at %125 per square meter, The costs of heavy walls

of 3 m height made out of masonry were calculated by

Ato Abebec Muluneh to be $243,40 per m; those of L-shaped
concrete units to be 2370 per m. The costs of L-shaped
RC units of 4 m height are $850 per m. Masonry walls of
4 m heights are not to be recommended as they arc too
thicks In all cases the costs of two (movable) partition -
walls made out of L-shaped were added to the costs of the
building. These partitions are very useful to separate
different types of raw materials; as they are made out of
small units they easily can be moved to meet the needs as

to quantities of different raw materials,

A_= type building -
This building has a length of 125 m and a width of 35 m,

Surface is 4375 m2

Coste are:

Building 4375 m® at $125.- 8546 ,875,-
Partition walls (2x30 m) at $370 22,200,-

Total $569,075,=~
say £570,000,~

Type B-I ( see 1,2.1)

Dimensions: Tength = 103 m, width 33 m, Surfase = 3400 ma.
It is assumed that the wooden closures in the wall have
the same costs as the wall,

Costs are:

Building: 3400 m° at $125.- 425,000, -
Masonry walls (2x103+2x28 m) at 243,40 63,770.~
Partition walls 2 x 28 m at £370.- 20,720, -
Total $509,490,-
say ‘ $510,000,~

EIZSER=IoSn



Type B-1I ( see 1,2.2)
Dimensions: length 100 m, width 30 m surface =3000 m2

It is assumed that the wooden closures ﬁave the same

costs as the wall.,

3000 n° at $125.- $375,000, -

L-shaped walls (2x100+2x25 n) at £370,- 92,500,=

Partition walls 2 x 25 m at $370,-~ 18,500, ~
Total $486,000,

-
2 > 235 31

Type C-1I
Dimensions: length 85 m width 30 m surface 2550 m2

Costs are:

Building 2550 n at #125,- $318,750, -
L-shape. RC walls (2x85+2x25 m) at 2850 $187,000,~
Partition walls 2x25 m at $850,- k2,500,-

Total $2#8|220.-

say $548.000, -

It is assumed that the wooden closures in the walls have
the same costs as the wall.

Conclusions:
The different storages costs

Building: A $ 570,000, ~
" BI 510,000, -
" BII 486,000, -
" CI 548,000, =

Conclusion:

The ceapest solution is B-II, being a storage with
concrete walls of 3 m height and fitted with 2 scparation
walls to be able to store different kinds of raw materials,

These separations walle are movable to meet specific necds,

The reinforced concrete walls are rade out of separate
soctions that easily can joined together (see fig Ann 1-1).

As compared with masonry walls a reinforccd concrete construce-

tion has a better and more aeatﬁetic aspect,

From a point of view of transportation problems a 100 m
long building as B~-II offers advantapges as compared with a
125 n building as A,
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Chapter VII - .nnex 2

Meteorogical Situation et Assal

\

\

Introduction \

\

i
As mentioned in Chapter VII - 1.1.2.1 attention shoul& be given
to the relative humidity (RH) ir Assab of the raw materials to
be used., U ea has the lowest criticel humidity 1i.e, 75.?% at
30°Cs  So this critical humidity never should be reached or
surpassed, The other raw matericls to be stored all have\higher
critical humidities: '

Y

Diermonium rhosphate Critic:l Humidity = 82.8
friple Super Phosphate n ‘ " = 93,7
Sulphate of Ammonisa " " = 79.2
Potassium Ch’oride ":.. " = 84,07
Fotassium sulphate - " = 96. %! !

Mixtures of some of the raw m.terials to be blended in some
cases have lower critical humidity thar its components. Sgo
mixtures of DAF and Urea have a critical humidity of 62 at \
30°C. It must however be kept in mind that the nixed \
products are bagged impediately after production. 1In the |
well sealed p.e, bag Qhere is no possibility to atsorb

moisture and the lower critical humidity does not imply any
danger. The farmer when using only part of a bag of fertilizer
should keep the remainder well closed and in dry ware place,

Seasonal variations of relative humidity

The Meteorological Service supplied us data for temperature and
relative humidity at Assab. Data from the years 1971, 1972 and
1973 were given. These are monthly averege values of air
temperature(t) and relstive humidity (RH) tsken at .00, 12,00
and 18,00 hr local time. Values are measured in the open air,
As these arc average monthly dats there are higher 2nd lower
velues., vVariations of (RH) occasionally are as 2 maximum 1¢v
above mean value and _more often 5 higher. mTable 1 presents
the velues mentioned astove, Tt must be mentioned that the lowest
deily temperatures occur atout sunrise, so between 6,0C and
6.30 hr; maximum daily tempersture at about 16.00 hr.
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1971 f 1972 [ 1973
Month ,__ ; j ! !
'6.00 | 12.00 18.00! 6.00 | 12,00 | 18.00 * 6.00 | 12.00 | 18.0C
——t ? ?
January e-fRHi 73 57 | 62 7l 56 61 . 76 59 e ’
'm0 - - ‘__ -y 24,.3° : 29.,4° } 27,4 2k.0 | 29,3 2744 i
! ! T ! . :
Vel o72 | os3 | os1 7M1 691 b7y 671 4B W8
February ] Tl - S0 = oo | 28.9° 1 27.1°  2k.6 | 30,7 29.6 |
H ! ! ’ 7 ' T '
| sl 59 43 0 , 70 | 54 | 55 ' 63 51 50
March LT - - - 1252 ]30.9 | 30.1 j26.8 |31.7 | 30.5 .
| ] i ) : v
~April T - - - 274 1 33,3 31.9 | 28.8 34,6 34,0
i
| 55 | 5 | s 55| 49 s2 | 68 58 63
May T - - - 3’39 34.0 33.6 3006 3407 33.1 .
m}] 51 46 52 57 50 58 57 54 A0
June T - - - 3209 3601 3402 3200 3505 3"*-2
RH| 50 46 56 50 4s 56 L4 39 56 J’
July T - - - 33,1 37.7 33.5 33.9 37.9 3L, ¢
RH| s5b 52 53 52 52 59 ‘ 53 47 58
August T - - - | 33.5 36,7 34,8 ! 33,0 30,4 35,1
T
ru| 65 60 61 6l 59 63 © 63 61 63
September T - - - | 32,2 35.5 33.5 32,0 35,8 33.9
L RH| 60 52 AU 60 50 52 } 59 48 56
OCtOber T - - - 2909 34.2 31.6 29.2 3402 31.C
» RH| 60 50 51 68 50 56 62 48 53
> NCVeH)beI' T - - - 26.“ 3209 29.7 2609 32.2 2905
RH{ 68 56 64 75 58 62 65 50 57
December T - - - | 25,2 30,7 28.5 24,7 30,2 27.7

Table 1 shows that only in Decerber, Janusry and February relative
humidity occasionally resched or depassed 757 but mostly stays below
that value. Wow as they are averag. values, they pight be (as
mentioned) 10” higher; therefore it might occur (January 1973) that
sometimes RH = 84 and more cften 79,

Table 2 gives data about monthly extrerc meximum and minimum

temperstures respectively over the period 1950-1971 and of the
years 1960-1961,
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Jan. |Feb. |hLar. Apr. Emy June | July |.ug. Sept.|Oct. [liov. &ec, ‘
Max T 32.0 |32.1 {30.7 [38.3 |39.9 |41.3 k2.9 141.7 139.5 [38.6 [35.3]3%..
'50—'71 ~ _ ———
fin ? 21.0 22,0 |23.0 |24.0 2540 | 25.0 | 24,0 23,0 | 27.0 23.0 [23.0]21.0
20=161 S AR S _ —

It can be observed that the high values of

but that during day time kF is much lower and

reaches a critical value even when 10% is adde?.
carly morning is due
the night.
shown in the calculution below the p
amount of water vapour remains the same,

saturation pressures of water vepour and of the

The air mainly cools down due tc r

water vapour pressures,

can be calculated,

adiation losses but

From known values of

as a matter of fact never
The rise of RH in the

tc the drop in temperature c¢f the atmosphere durin-

as is

artial ;vessure sond consequently th o

< only occur at 6.00 o'clock,

cbserved kH's the parti.l

thot represent the actunl amount of humidity,

For January 1973 we thus obtain the data of table 3.

Table 3,
January 1973
Sature, Partial
Time Temp. pressure in RH Pressure in
e m Hpe ] mm g, = ___

6.00 24, 0° 23,4 76% 17.9
12,00 240" 30.6 59% 18.0
18.00 27.4° 27.4 65% 17.8

The same ocalculations for the situations with 1

at 6,00 hr. give the data of table &4,

Table 4.
Time r Tenp.
6.00 24,0
6.00 24,0
6.00 24,0

——

... Pressure

At atnde. w ks e —

0% and 5% higher RH

Satur.

3.4
23.4
234

1]i

76%
80%
Shy

Partial
Pressure

e

17.8
18.7
19.7

We will use thesge data in further c=a

lculations,
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Influence of terperature

As mentioned the reason for the temperature drop of the air is
heat-lo3s by radiation, Thereforc in a closed building the
ternperature drop will be fer loes and consequerntly RE will be
lower, 1In calculating the PY under conditions of 26°C respectively
27°C we obtain the values of table 5 (related to Jan' 73, 6.00 hr)

Table S

| ' | p
a b c I d e £ 5
-
Saturation RH,.at Saturation PH at '

gﬁogt Pzrziii pressyre 2660 pressure 27%¢

pressure at 26 bic at 27 b:e —_
76 17.8 25.3 70 26.7 67
80 18.7 25.3 74 26.7 70
84 19,7 25.3 78 26.7 74 !

Table 5 shows thet in the most extrere situ-~tion temperature rise
of 3°C will bring the RH below the danger levecl, Now it is ouite
probable that the reduced redi=tion of he~t inside the building
will prevent the tempersture to drop below 27°c. If not & slight

heating of the storsge roor will prevent a sharp terperature drop.

Assuning we have the situation of the storage as rentioned

Chapter VII - .innex 1 alternative B 11.. . A

This storage has a total volume of 28,700 m3 and a volume of zir

of 11,800 m3. Its floor surface is 4250 m2, a8 the roof has a slope
of 300 roof surface 13 about 5000 mz. Side walls above the 3rm of
thick walls have a surface of sbout 80C m©. Total surface is 58€0
e say 6000 mz.

11,800 m> of air weigh 14,000 kg. Specific hest of air is 0,242,
To reise the terperature 3°c about 10,000 Cal are needcd which 1is
the heat produced by the combustion of atout 1.4 kg. of chercoal.
(heat of corbustion 7000 Cal/kg). FRut in order to keep the
temperature at the desired level it is necesssry to comrensate for

the heat losses through roof and side wa.ls,

2
Assuming a loss of 4 Crl per °c per hour per »“, these losses for
a difference in terperaturc of 3°C and for 600C m° are equ=l to
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b x 3 x 6000 = 72,000 cal per hour. fThis amcunt of hent can be
produced by burning about 10 kg. of chercoel as an open fire,
Assuming that it is necessery tc hent dvring 8 hours, the totsal
srount of chorcoal will be atout 80 kg, Adding 257 for other
losses the amount will be 100 kg.

Charcoal should be used for the open fire becouse its combustion
products do not contain water vapour. Liquid fuels, bteing carbon-
hydrogen coripounds, all produce weter vepour when combusted. So

these latter products should not be usz2d for these purposes,

It will however, only occasionally be nccesssry to heat the storage,
Using 2 hygrometer and a therworecter in the storsge of raw raterials,
preferably recording instrurents, it con be fores~en when extra
heating is necessnry, Covering the piles of uren with plastic sh: ets
also 18 a messure to deal with the humidity protlem, It is not neces-

sery to install apecial equipment to dry the air in the storage room.

Conclusions
—— s,

Meteorological conditions in the Assab ars» but seldon give reise to
situ~tions of high relative humidity (RH). Only in the ronths Decerber,
January and February during night tire in the open air Ry's grenter
than 75, which is the dangercus level for urea, are measured. However,

in rany years even this value is not reached in said ronths,

As the high PRH values are due to heat losses of the air through radia-
tion, the situation ineide the etorage htuilding will be much favourable.
It is likely that within the building the temperature drop and conse-
quently the rise of R will be such that a critical situation will

not or very seldon be reached,

If 80 some heating, using an open charcosal fire, will te sufficient
to keep the RH below a dangerous level,
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Ch VII - Arnnex 3

Transportation of Raw Materials

from Storage to liixing and Bagging Plant

Iec j Max. distance: (50+25)x2 = 150 m.V.V
325 . : 15x2 =_30m
o = Average distance 90m
A. TIransportation by payloader
Velocity: 18 km/hr = S m/sec.
time schedules:
for distance: 90 m 150 m 30 m
driving 18 sec 30 sec 6 smec
pick up + manoeuvering 10 " 0 " 10 "
unload + manoeuvering 10 0 " 10 "
waiting, fueling 8 v 8§ 8
cycle L6 sec 58 sec 34 sec
per hou. 78 ton/hr 62 ton/hr 106 ton/hr
at cap. bucket 1000 kg 78 ton/hr 62 ton/nr 106 ton/hr
1200 kg 92 ton/hr 75 ton/hr 127 ton/hr
1500 kg 117 ton/hr 9% ton/hr 159 ton/hr

necessary for 8C ton/hr (40 ton mixes + 4C ton strnights) 1 to 2 payloaders

(1=-2 drivers) depending on capacity. Wwith sufficient cipacity 2 payloaders

of which one as atand by will bve sufficient.

B. Tronsportation by handcarts

Each cart can hold 1000 1lbs = 450 kg, for transportation 4 men are required.
To fill one car with shovels by 4 men 2 min., are neaded. As a persons per-
formance is about 20 shovels per min: 4 people can do 80 shovels at 3 kg per

shovel = 240 kg/min., So time roquired is 2 min, velocity is 3 km/hr = 0.8% m
per sec.

Time schedules:

For distances 90 m 150 m 30 m
Driving 108 sec. 180 sec. 56 sec.
Loading 120 " 120 % 120 "
Unloading 60 v €0 ¥ 60 "
Rest, waiting 15 0 18 o 12 "
Cycle 303 sec. 378 ses, 228 mec,
per hour 11 trips 9 trips 15 trips
per hour per cart 4,95 ton 4,05 6.75 ton
for 80 t/hr needed: 17 carts 20 cearts 12 carts
personnel neceded
4 man per cart: 68 man 0 mir b8 m~n
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So 20 certs as a maximum are needed; as an average 18 are
useds At least 25 carts should be available. There are two places
where the matericls have to be unloaded; the mixing unit and the
bagging unit., At sach unit 40 tor has to be unloaded per hour. As |
each load equals 0.45 ton 89 unloading actions have to be performed
at erch unit. As each cction tckes 1 nmin. two unloading devices per
unit are needed,

The tranuvportation of 3 to 4 different materials to be controlled
by a light signal system and using o great number of treansportation units
will pose many orgrnizational problems., Severzl foreman each controlling
7-10 carts will be necessary,

In the calculntion given above it is nssumed that each crew
performs the entire cycle of loading, transportntion and unloading.
Another working wethod would be to h-ve separ:te crews for transportation
and for loading. 7Tt can be shown that both methods have the same
capacities. The former method however is sBimpler to control =~nd is
automatically adjusted to the time of the transportatioﬁ cycle. Moreover

the work for the crew is less monotonous than in the latter case. .

Costs:

A. Us: of paylonders:

Investments costs at 484,000 each $168,000
Operating coste: Interest 10% 16,800
Deprecintion 10% 16,800
Insurance 5% 8,400
Fuel 15,000
Tyres (4%) 6,700
Maintenance 6% 10,800
Salaries 1 driver at ¢350/month 8,400

i82,900

Operating costs per ton at 100,000 t/year in 220 deys nre: .0.83
at 200,000 t/year in 330 days (47500 extra fuel) costs are 296, 400
or 0,45 per ton.

B. Use of handcarts

Inveatnent costs

1 car plus lifting nnd towing equipment is assumed

to cost (2000, So 25 carts cost %¥50,000
1 gantry plus hoist is assumed to cost .2000 |
So four gantries cost 8,000

Total investment +58,000

/o-.
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Operating costs

Interest 10% 45,800
Depreciation 10% 5,300
Insurance 2% 1,160
Maintenance 2% 1,160
vages 2 foremen at .200/month v 4800
¥oges 80 lobourers at +150/month 144,.000

Total operating costs 162,720

Operating costs per ton at 100,000 ton per year are 1,627

to

1.

2,

3.

CONCLUSION :

Comparing the tvo mcthods of transportation of raw meterials

the mixing and bagring units conclusions are: =

Investment costs when using mechanized transportation ~re higher
a8 comparecd with manunl transportation, Respectively +168,000 when

tvo paylozders are purchesed and 58,000 when hand transportntion
is uscd.

Operating costs are considerably higher with manual transportation.
Mechanized transportstion cocts ver ton J0.79 ueing 2 rayloaders.,
Manual transportr.tion costs .1.63 per ton,

Organiz. tion of the transportotion of different products in the
pProper scquence to the mixing plont is nore complicated in the
¢case of manual transport:.tion., This mecns a great stress to the
foremen responsible for faultlese operations; their constant
attention is an absolute demand.

Apart from conclusions 2,3 which are in favour of mechnnized
transportation social considerations might lead to a different
conclusion,
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Chapter Vil

ANIEX 4

Schedules for operation of the mixing and bagging plants

Feeding of the mixing plant and of one of the bagging units

with wheelloaders, Two casec are considered: 1200 and 1500 kg.

loads. Average cyele for each load is 50 sec which means
capacities are 86 and 108 tons per hour for both mixing and
bagging units or 43 respectively S4 tons for each of them.

The capacity of the bucket elevator is 80 tons per hour or 22.5 kg
per sec. The height of the elevator is 18 m. its velocity is

1.2 m/sec; therefore the height is covered in 15 sec. The bottom
of the elevatcr has a hold up of about 500 lit. = 450 kg and can
be emptied in 45 sec.

When three loads of 1.5 tor are filled into the hopper the

elevator rzeds 4§OO = 200 sec fcr transportationg including
22.5
emptying the bottom etc; total time is 260 sec. after having

dunped threc loads into the mixing plant's hopper, the pay-

loader supplies the bagging unit for straight fertilizers with
three loads of 1.5 tons each. 4s a cycle takes 50 sec. the pay
loader can start again to supply the mixing plant 300 sec after the
first time. This means 40 sec. after its elevator has transported

the first baich of 3 loads. Therefore every 300 sec a new component

can b~ transported *o the four compartucnt hupper. Lach compartment
of this hopper should have a hold up of about 6-6.6 tons or

6.7-7.3 . A hopper of dimensions of 2.8 x 2.8m, being composed
of a prismatic section of 2.8 m of height and a pyramidical part

of 2.8 m of height has a volume of 29m3 or 7.}m3 per compartment,
When four loads of 1200 kg are filled into the hopper using cycles

of 50 sec the clevator needs 4800: 22.5=214 sec for transportation,
when adding 60 sec total time will be 274 sec. when four loads are
dunped into the hopper of the mixing plant, the payloader supplier
the bagging unit with #-np loads (4.8 tons). Therefore after 400

sec the payloader can feed the mixing plant with a new supply of

4.8 ton. The four compartment hopper with holds of 7.3m3 or 6.6

tons each as mentioned before can handle the amounts to be Proesescd.
the time schedules of fig. Annex IV 1a, 1b illustrate the flows of
materials to both mixing and bagging unit. In the mixing plant

the flow up to the 4-compartment hopper is conasidered.
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Having set up the scheduie to feed the mixing and bagging

plant, the material flow within the mixing unit has to be
considered,

Activities in the blending plant

They comprise weighing of 3 or 4 components, mixing
activities including loading and discharge as well as final
transportation to the bagging units. Time schedules for 2
tons mixes and cycles of 2 min resulting in an hourly
capacity of 60 t/hr es well as for 2.5 tons mixes and cycles
of 3 min with a capacity of 50 t/hr wer- made.

2 tona batches, cycle = 2 mini capacity = 60 t/hr

Assumed is a weighing performance of 25 sec. (20" coarse

and 5" dribble feed) Fer component and 20 sec for emptying
the weigher into the mixer. Total cycle is 120 sec. or 2 sin,
In 20 sec the eripty mixer is filled. Assuning a mixing time
of 100 sec 20 sec are availuble for discharge into the hopper.
It depends on the parameters of the nixer what the exact

time of discharge will bLe. During filling and discharge the

mixing performance 8oes on. Seefig. Annex &, 1.c,

2.5 tons batches, cycle = 3 ming capacity= 80 ‘hr

Assumed is n weighing perfornance of 35 sec « 0" coarse and
5" dribbled feed) per cumpenent, 40 sec are available for
discharging the weigher.,

The mixer is lcaded in 40 8ec or leass and mixing can be continued
up to 140 sec, leaving 40 sec for discharging into the hopper.
The 2.5 ton batch has to be discharged to the elevator of the
bagging unit at a minimum rate of 14 kg/sec or 50 tomns per hour,
which is well under the capacity of the elevator. At full
capacity 112 sec are nceded to convey the 2,5 tons batch.

(See fig. Annex 4-1 4).

It must be kept in mind that the above mentioned times and
capacities are rolsated to high capacities and to the maximum

of four components.

As a matter of fact in tha Le.jority of mixes only 3 compoments
are needed, one of them (filler) in only small quantities.
Therefore, it can be concluded that sufficient time is
available to produce 40-50 tons of mixes per hour,
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Chapter VII

3 Amnex 5

Storage and Handlinf of Bagged Materisls \ ‘

1. Storage of bags can either be done by using palle‘ s to be
transported by forktrucks or by storing che bags on piles
by manual labour. \

1.7 A. Fallets. A pallet of 1050 x 1300 and a height
of 140 mm can carry 30 bags or 1.5 ton in 6 layers
of each 5 vags. Total height of a loaded pallet is
1100 mm. A forklift truck car carry 2 pallets on
top of each other. Stacks can be 5 pallets high;
an average type of lifttruck can carry 3.5 ton and
lift to 5,5-6,0 m.

t Each pallet needs a surface area 1.5 m2, this means,
that when piling 5 pallets on top of each other, 5 -
tons can be stored per m2. To store 10000 tons
5000 pallets and a surface of 2000 m2 are needed.
Adding 20% for manoeuvering and driving of lifttrucks
and eventually trucks a surface of 2400 m2 is needed.
A shed of 65 x 40 fulfils this need, 2 height of
6.0 m under the trusses enables piling of 5 pallets
leaving space for lifting operations. In such a
building an aisle of 6 m is available for manoeuverine.
The floor has to be flat in order to ensure safe
operations of forktrucks. One forktruck can handle

o the output of 2 bagging units (80 tons/hour)(see 2.1).
* Twe forktrucks of which one as standby should be
purchased.

Vhen the building is extended to 80 m and provided
with a separation wsll, the section of 15 x 40 m can
be used as workshop. If further extensions ask for

a large workshop somewhereelse on the premises this
part could be added to the storage of vagged products,
thus enlarging its capacity to 12,300 ton.

1.2. B. Piling by manual labour asks for about the same space,

As there are no pallets which each have heirht of
140 mm more bags can be piled on a square meter, but
in order to have a good stability separate piles are

necessary. So the same size of building as in A

.
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is suitable, piling will be limited to 5 m.

1.3, Costs:
The building excluding space for a maintenance shop
has overall dimensions of 65 x 40 m surface is
2600 m2. Costs including a heavy floor will be #125
per 2 or }325,000.

2. Calculation of Performance
2.7. A, Pallets and Forktruck Transportation

max. distance 2 x 100 m = 200 n
min. " 2x 40 m= 30 m

average" = 140 n

Average driving speed of lifttruck = 18 km/hr = 5 m/sec

Time Schedule

Distance 200 m 140 m 80 m
Driving 40 sec 28 sec 16 sec
Pi~tup, manoeuvering 172 " 12 " 122 "
Unloading 2 " 12 " 2 "
Waiting, fueling g " 8 " .8 "
cycle 72 sec 60 sec 40 sec
Trips per hour 50 trips 60 trips 75 trips
cap. per hour 150 ton 180 ton 225 ton

The situation for maximum duty for forktrucks implies
transportation of all bagged products into the storage plus
loading of trucks out of the stocks from the storage. As maximum
production is 80 tons of bags per hour, only half the time, in the
most unfavourable situation, is used for transportation to the
storage. 70 tons can then eagily be transported from the storage to
the trucks and even more as the average distance to the truck is
shorter and manupulation is easier. So one forktruck can do all
the work needed; another forktruck as standby is recommended.

The situation outlined above will exist only occasionally.
Most of the time it will be possible to load trucks directly from
the output of the bagging units. In case it is possible (with
two units) that no material at all has to be transported to the
storage and if necessary the forktruck can load from the storage
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150-200 tons on trucks. The practical situastion will be in between
these two extremes; so one forktruck can meet all possible situations.

Apart from the forktruck driver manual labourers ere needed
for loading pallets and loading trucks. Four gangs of each four
man or 16 labourers will be sufficient.

2.2. B. Transportation by manual labour

2.2.1 In this case trensportation is done using
wheelbarrows eech carrying 4 bags or 0.2 tons.
They have a driving speed of 3 km/hr or 0.83
m/sec. Each bagging unit delivers 40 ton or
800 bezgs per hour or 1 bag every 4.5 sec say
5sec. Four bags or 0.2 tons take 20 sec.

Distances are as in A.

Time Schedule

200 m 140 m 80 m
Driving 240 sec. 169 sec. 96 sec. .
Loading 20 20 20
Unloading 6 3 6
Waiting, rest 18 Je a2
cycle 284 sec 211 sec 134 sec. .
Trips per hour 12.6 17.1 26.9
cap. per hour per man 2.5 3.4 S
labourers for 80 ton/hr 3.2 2.4 15

S0 15-32 labourers are needed

2.2.2. Piling 2 man for each m of piling + 2 on top
of the pile are needed. This means 12 m for
5 m high piles and 4 for piles upto 1 m.
Average 8 man. At a speed of 8 (7) bags per
min each shift can pile 480 (420) bags per
hour or 24 (21) tons. TFor 80 tons thereforc
3.3 to 3.8 shifts of 8 man are needed. So
32 man or 4 shifts.

2.2.3. DBresking down piles. The same shifts as in

2.2.2 minus 2 man = © man as an averags.

Performance is higher 12 (10) bags per min
can be achieved or 720 bags (600) = 3¢ tons
(30) per hour; 80 tons ask for 2.2 (2.6)
shifts. This means about 1€ labourers.
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Brcaking down can be done by the same
labourers that construct piles as these two
activities never or only but very seldom have
to be done at the same time.

Transportation to trucks. This has to be done

by wheclbarrows. Distance is short as trucks
can come near the storage; 30 m as an average
will do. Loading and unloading of the barrows
can be done in resp. 30 and 12 sec. Time
necded per cycle is then, assuming cartlcads

of 4 bags
60m = 72 sec,
50 11]
Unloading 12 "
Waiting, rest 10 "
124 sec

Per hour 29 cycles or 5.8 tons. For 80 ton per hour
14 units are needed.

Loading of trucks. A shift of # man can load
& (7) bags per min or 480 (420) bags = 24
(21) ton per hour. For 80 ton 3.3 (3.8)
shifts are needed; so 16 labourers.

Regsuming ¢ for bringing into the storage and
piling (64) labourers as a maximum are needed.
For outloading the storage are nerded 18 + 9 +
16 = 43 man.

As either the storage is going to be filled
or to be emptied, because both activities
hardly will be necded simultaneously, the
same crews can perform both activities. It
must be kept in mind that loading of trucks
directly from the bagging machines will be
current practise. This the more so as costs
will then be low. So a crew of 64 labourers
plus two foremen can handle the production

as to all activities with bagged products.

An intermediate botween palletised and manual
opcretion is to do the transportation by
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wheelbarrows but to perform piling with the
use of speciasl equipment. For piling
activities a movable belt conveyor that can be
adjusted to bring the bags from the floor
upto the top of the pile (say max. 6 m)
directly to the 2 labourers who construct

the pile. 5Such a conveyor has a special

belt in order to permit a steep slope. The
capacity of such a conveyor is 50-75 ton/hcur:
energy demand is about 10 HP = 7.5 kw. Two
of these conveyors, that can be used for
construction of piles as well as for breaking
them down, are needed. Costs arc estimated
at $20-25,000 each. When using this type of
equipment only four labourers are needed per
conveyor plus the labourers for transportatior.
This brings the total personnel down to

32 + 8 = 40 labourers plus 1 forcman.

This type of piling has the definite advantage
of more careful handling as compared with
entirely manual piling and therefore lcss hags
are expected to bc damaged.

Using forktrucks and pallets

Investments:2 forktrucks at ,60,000 $120,0C0
5000 pallets at 315 (16 pallets per
n’ of wood = ¢$2l¥r0/m3 worked up) 75,000
Contingencies 15% 29,000
Building 329,000
Total #549,000
Operating costs:
interest 10% 54,900
depreciation, equipment 10% 22,400
depreciation, building 5% 16,250
insurance 2% 10,980
maintenance, equipment 6% 13,440
maintcnance, building 1% ,250
fuel

1680
IR, A
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When 100,000 tons are handled costs are
I}qo?q per tono

B. Transportation by manual labour
Investments are:
40 wheelbarrows at 360 = § 2,400

Building 225,000

4327 ,400
Operating costs are:
Interest 10% 32,740
Insurance 2% 6,550
Depreciation, builcing 5% 16,250
Depreciation, equipment 20% 480

' Maintenance, building 1% 1,800 ~
Wages 64 labourcrs 115,200
Wages 2 foremen 6,000
179,140 .

When 100,000 tons are handled costs are $1.79 per ton.

C. ’I'ransportation by manual labour plus piling equipment J

Investments are:

40 wheelbarrows at .60 2,400
2 special belt conveyors at
425,000 000
52,400
Contingencics 15% 7,900
4 * Equipnent 60, 300
* Building 325,000
Total 2922290
Operating costs arc:
Investment costs 328,530
Insurance 2% 7,710
Depreciation, building 5% 16,250
Depreciation, equipment 10% 5,750
Depreciation, equipment 20% 550
Maintenance, buildineg 1% 3,250
Maintenance, equipment 3% 1,810
Electricity 15 KW.hr = ‘
26,400 XWH at 4.08 2,110
Wagss 40 labourers 72,000

Wages 1 foraman 2,400
Total ~ 150, 360

When 100,000 tons are handled costs are $1.50 per t-on.

¢
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5. Conclusions
" Investment costs, yearly operasting costs, ditto per ton
and manpower are presented below for the three cases
mentioned above.
A. Handling with forktrucks and pallets
B. Handling entircly by manusl labour
C. Handling partly by manual lahour, partly mechanicelly.
A.
l 1 Operaing Costs
Investment | Lebour |- .
i 1 .r Per Year Fer Ton
i A. 3549,000 ! 18 | 170,600 ¢ 31,70
B. $327,400 66 | $179,140 $1.79
c.| 385,300 41 4150, 360 #.50
The best choice is alternative C as investments sre modcrate
and operating costs are low.

Moreover C as compared with A cnables to create employment.
As comparecd with B alternative C offers better prospectes for
gentle and careful handling of bags.
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CILg SR VIIT
UTILINInS WD AUXILLARY SERVICES

In Fhuse I no process water is necded, only sufficicnt
water for cleaninm purposes has to be available. ‘ater
is available from the aszurby main conduct systen that
has to be extsnded to the factory site. 425,000 is
supposed to he needed includinc continrencics and
crection. inough watcr should be available to
extinmuish a fire.

Power

The main power line is at short distancc. Require=
ments are o600 m of powerline 15 kV, 100 Kw, a trans-
former station and switchgear as well as a powsr dig-
tribetion and lighting systen., Costs inecluding arcction
and contingencies arec estimat:d to be *100,000.

wOrkshoE

As discussed in Chapter VII-1.1.6 a space of 600.m2
beines part of the storasge of bags could contain the
workshop. In a later phase this space could be added

to the storage of hags and a separate large workshop
could he erceted. The 600‘n2 workshop shoull contain
the mechanical, the ~loctrical and the marage equipment.,
Costs of the building ave estimated to be .75,000.
Equipment costs ircluding ercction and contingencies

are .32,000. tquipment includes tools, drillin~ and
welding machinery,, worktables. [Electrical toster ~nd
meters. Guarate equipment. .Jo heavy tools like latches

/

Filler material quarry facilities
an investigation as to ~hat filler nmatorial is available

are forescen.

in the issab area is goin- to be earried out hy peologists
of the llinistry of iiincs. But this investigation nns ot
been made. Dlost orobably therc are deposits of coral

sand ~n1 of sands of basalt rock origin nearby and if

80 only excavating and siaving operations are necessary.
If not limestone has to be quarriecd and processed.
Procrssing includes size reductior and screening. At
presznt it is very 1ifficult to make a cost =stimate.

An amount of 43%00,000 scems to ba a fair estimate,
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Fucl-sunply

Trucks, payloaders (and forktrucks) nced to be
supplizd with diesel-~fuel. Consequently a filling
station should be ~racted., It is supposed that ono
of the o0il companies will provide such a station,
therefore no inves*ment costs are provided for.

Office

4 building of 200 m2 should contain office rooms,
laboratory, canteen and a first aid roomn. The
building costs are estimated to be 60,000 including
contingencies cte. iEguipment considercd follows:~

VIII - 6.1.0ffice Equipment and Furaiture

This ltem includes calculator, typewriters and
duplicator. iFurniture includcs decks, chairs, cup-
boards, boouxshelf, filing cabinets ond the like.
Morcover sanitary installation n:d telerhony. Josts
are c¢stimated to be 24,000 includine contirmencics.

VIII- 6.2. Canteen cquipment inclules refriferator, coffec mazhine,

furniture 21d miscellaneous. Costs are cstimated to be
+8,400 includins, contingencics.

VIII- 6.3, First aid room

Equipment neceded should be discusscd with a local
physician. A rourh cost estimate is +5,000, -

VIII- 6.4, Laboratorx

ithe laboratory should contain ariple equipment for the
analysis of raw matcorianls and products. The laboratory
should contain a working space and a separate small
room to contain balinces and sensitive iagtrunsnts.

The workinr area should contain a bench cquipped with
gas, electricity, water and drain facilities as well

a8 3 hooded h»ench with ventilation. Benches should

be fitted with a shelf, drawers and chcsts. A cupboard
to contain glassware and chemicals should be present.
The instrument room should contain a vidbration free
table.
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Equipment should consist of:-

Furni ture 8 2,300
An analytical semi-autonatic balancesa0.1 mger. 1,500
A balance + 5 mg. 300
A photoelectric colorimcter 5,000
An electrical water bath 300
iAn clectrical drying cabinet 500
An electrical oven for crucibles 500
Burners, tripods, clamps etc 500
Glassware 800
1 set of test sicves 500
Water distilling apparatus 800
1 set of analytical weights 200
Miscellaneous 1,800 _
» 15,000
Preight, insurance, clearing etc. including
contineencing 30% 4,500
122200,

Some instrunents have to be used in and near thce storage
for raw materials in order to control relative humidity
and temperature. These instruments should be taken care of
by the laboratory chemist. 2ccording as well ns indicating
instruments siould be uscd. Two recording hygrometres and

two recording thermom:ters will cost % 4,000
5 indicating hyrrometers and 5 indicating
thermometers will cost 400
Total % 4,400
Including freight etc, and contingencies 30%
costs are 5,700

VIII-6.5. Apart from the buildings mentioned in this
chapter and in chapter VII several civil works
has to be provided for including:
Access roads, 400 m long, 6 n wide » 36,000

Fencing in stone 2 m hirh above ground level

50 em thick and foundation(1m), including

pate and guard room 80,000
Compound streets and parking area 53,000

Gardening 21000

Contingenecics 15% 26,000
Total +198,000
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CHAPTIR - IX

MATERIALS ..ND BAGS
m—_

Gr a8 otrics:

The most used raw materials will be diammonium phosphate (D.P) and
urea. Together they will amount to over 90% of the Lthiopian
consumption; swall amounts of sulphate of ammoniz. (3A) and potassium
chloride and potassium sulphnte will be used., It is assumed that
in the beginning 50% of the fertilizers used will be used as mixed
fertilizers and graduzlly this amount will risc to 75% (Sec
ChapeIII-5,2). Therefore the properties of the raw naterinls
should be such that they can be used in wixing operationce .t 1le
mixtures can be obtained if no segregation dges occur. Segrepgation
is the unmixin; during kandling, storage and transport, The main
reason for scpregation is the difference in particle Bize, 41l
componcnts to be blended should therefore have grunules in the sane

range of sizes,

Now there is no general accepted standard range of granule size.
When purchasing raw naterial it should be kept in mind to buy

uniform and properly sizecd materials,

Ureca prills generally have dinensions between 1.0 and 1,7 mm,
A common size of urea sranules and of other fertilizers in

the U.Ss is 1.4 = 2,8 mnm, whereas in most European countries a
large size is preferred (2.5 - 4,0 mm or 2.C -~ 3.5 mm),

Ir the U.S./. granule sige is expressed in Tyler mesh data,

In European countries mm 8izes are used, The date refer to the
dimensions of the openings in a standardized set of test gieves
and often the particle s.ze range is expressed ns the percentage
that pass one sieve and renain on cnother siove, Teble IX~1

presents the relation between Tyler nesh and metric dimensions,

/ooo
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TABLe IX = 1
Tyler mesh mm Tyler mesh mm rTyler mesh mm
60 0.246 16 1,00 8 2.38
48 0.295 14 1.19 7 2,083
35 0,417 12 1ol 6 3.36
28 0.589 10 1.68 5 L.00
20 0.883 9 2,00 b b,76

(From Perry, Chemical Lngineers Handbook).

A pgood specification for U.S. material is 90%, = 6 + 16 Tyler,

which means that 90% should pass through a 3.36 nn opening and
be retained on 1,00 mnme

When ordering granules it should be mentioned that all material
be retained a smaller sieve (28 Tyler or 0.55 nm) thus precventing
the presence of dust. It must however be kept in mind that

transwortation and unloadineg should be done with care; if not Jlust
will be formed,

As mentioned European manufacturers generally produce granules of
larger sizes. The advantages of larger granules are: they have a
better crushing strength and when broadcasted in the field by

mechanical means they give a more even distribution pattern,

But as n matter of fact the availnbility of uniform granules for
all components to be blended is a more important factor.

Speccifications
Consequently urea prills should not be used in bulk hlerds,

unless it is sure that they have large size and that such a

specification is mentioned in the order. /s moreover prills

have a lower crushin; strength as compared with granules the

better practice is to avoid the use of prilis. It might bve
more difficult to purchnsc urea granules r~ther than prills,

Therefore a good survey of the market is necessary (Sce ChapeIX=2)

/ooo
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(The crushing strength of urea granules is 2 to 3 times as high as
for urea prills; large rranules are stronmér than small ones),

Urea should contain 45-45% N, its maximun moisture content should

be 0.5%. For use under hot and wet climatic conditions coated urea
should be useds This product has a better resistance towards caking
than the uu:coated product. The critical humidity of urea at

}OOC = 75.2%; this fipure should never he surpasscds 1In Chapter VIl

annex 2 this problem is discussed in details.

Diammonium phosphate

DAP is available in well formed granules. 'ts critical humidity

at }OOC is 82.8%. Conditioned product should prefernbly be ordered,
Analysis may vary between 16=18% N and 46-48% PZOS; 18=46-0 is most
frequently marketeds Maximum moisture content should be e

Triple superphosphate

TSP is available in well formed granules. Its relative humility

is 93.7% at 30°C. analysis is 42 to 46% P205; maximum moisture
content is 4.,0%. It cannot be used in mixtures with uren or NAP

(S2e Chapter IX-4), In our situation its use therefore is linited,
There exists a product named ammoninted superphosphate which contains

2.,4% of No This product can be used in mixes with DAP and urca.

Sulphate of ammonin

Sa forms gvanular cr-stals of cood and uniform size. It might be
used where sulphur is needed from an agricul tural point of view,
It is nowadays a relatively cheap fertilizer zs it is a byproduct
of the manufacturing of caprolactam, an intermediate of nylon-6.
Its critical humidity is 79.2% at 30°C. ..ualysis is 20 to 219N;

azximum moisture coitent is 1.0%.

/ooo
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Potggsium chloride

This product is available in granular ferm made by
compacting procisses. Analysis is 60-62% K20; maximum
moisture content is 0.5%. Its rolative humidity is
84.0% at 30°C.

Potassium sulphate

Some crops as tobacco, tomatoss ask for chlorins fruee
fortilizers. In such cases potassium sulphate rathar
than potassium chloridse is us¢d. Potassium gulphate is
available as compaoted granules. analysis is 50% K,0;
maximum moisture content is O0.5%. Its relative humidity
is 96.3% at 30°c.

Fillers

Fillarse are inort matarials that ars used for two r2agons,
firet to arrive for convaniznce saks at gradas 3xprossad
in whole figurss, avoiding the use of fractions (23=-23-0
and not 23.3-23.4-0). Sccondly to compensatc for differe—
ncss in analysis of tho components and to ensure the

production of standrd grades.,

Fillors should be us2d at n moderats dagrac. 4@ they are
inert materials transportation over long distancos only
adds to tho costs. Any chuap and inort m2terial can ba
used as 3 filler,

On this subject we had savaral discussions with the
goologists of tha Ministry of Mines. In the 4&ssab araa
doposits of limastone, dolomite and of coral sande do

exiset,

Moroover Assa's Salt Works could provida common salt,
siovid at a oonvenient size. However wo wore informed
that the Ethiopian moils g3n3rally ao not endure aven
small amounts of common salt.

[oee
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Therafors salt cannot be us-'d ag a filler. In the
opinion of the officials of the Ministry of Mines
coral sands would be a convanient source of filler
mat3rial. There are several daposits of coral sands
and basaltic sande in the area; but thay have to be

inves-ig:ted more carefully.

The granulometry of tha deposits, their depths and
accassibilities has to bo investigated in detail. Plans

to carry out such investigations are mada and in due time

the results will be forwarded to us. Most probably a

ooral sand deposit only has to be axeavited and tha proper
sized granules have to be sieved out. Coral sands do

contain emall amounts of P205, howsvar in an insoluble form.
Therefore, this P2O5 content should not be considered

when computing forwulations (Chapter IX-3). Aabout 6 to 13%
of the amount of mixed fsrtilizers produced has to be filler.
Average is about 19%. Production therefore has to be about
700C tons in the first year and gradually will rise to about
20,000 tons. In case sand deposits are not availablguarried
limestone or similar minerils have to e used. This implizs
crusbing and sieving equipment and investment costs will be

considereabls higher.

An amount of $300,000 is provided for activities of filler
produotion (about $400,000 inoluding eraction, contingencies
etc).

§og;co! of raw materialg

The products nceded as raw materials are available all over
the world. Nowadays there is a shortage of fartilizers,
but there are signs that supplies will augment in the

near future.

Jooo
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The mixing plant will be opsrational at ths end of 1976
or later. Therefore the market structure oan then be
different from the prosent situation. In view of the
oomplicated situation it is strongly advised to keep

in touch with the Internatiou.; zggjilizer Supply Scheme

ogr.Q.O. in Rome and to place orders as early as poasible.

Market situations and prices are regularly discussed in
"Fertilizer International”, a monthly papsr published by
the British Sulphur Corporation Ltd. London. It is
recommended to subsoribe to this monthly paper.

D4P is producec in W-Burope (Hollan', U.K., France eto.), in
N-iAfrioa (Morooco, Tunisia, Algeria), in Jordan and in
U.S.A. When the Suez Canal is opened the North African

countries and Jordan are at short distance of Assab.
+3.,P. is produced in the same countries as DAP

Urea is produced in W.Burope (Holland, U.K. France, Italy etc),
in Algeria, in the Persian Gulf area (Iran, Kuwait, Saudi
Arabia, Qatar) and in U.8.4.

Sulphate of ammonig is produced in W-Burope, and in U.S.4.

It is now mainly a byproduct of the Nylon Industry and
the steel industry.

Potasgiym Salts. Main producers are Canada, Franoe, W-Germany
k-Germany, USSR, Spain, Israel, U.S.A. and Congo. & large

plant is being constructed in Jordan at the Duad Sea that
may be in production very soon.

Formylations. EPID informed us that the most imporiant ratios
wanted for Bthiopian orops are: 1-1-0, 1-2-0y 1=1,5-0, 1=1~1
and O-1-1. 4bout 80% will be ratics 1-1-0 ard 1-2-0, The
different produots can be made in tae following ways.

/00.
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11-3.1. Ratio: 1-1-0
Grade: 27-27-0

Urea 46: 356 kg
DAP 16-46: 587 kg

Filler: Sl kg =

164 kg N

106 kg N + 270 kg P205

TR o

1000 kg = 270 kg N + 270 kg 1=’205
i When using a lower grade of urea the oalculation gives:=-
#
&g? Urea 45: 64 kg = 164 kg N
g DAP 18-46: 567 kg = 106 kg N + 270 kg 11’205
Filler: 49 kg =
1000 kg = 270 kg N # 270 kg P,0;
In diminishing the amount of filler a lower grade of
. urea can be used to give the desired grade..
1X-3.2. tio: =20
Grade: 18-36-0
Urea 46: 85 kg = A9 kg X

DAP 18-46:  Tb3 kg = 141 kg N + 360 kg P,0
Filler: 132 kg

5

g vie: 1.0.0/00 k& = 180 kg ¥ + 360 kg PO,
‘
{ Grade: 19-38-0
Urea 46: 89 kg = 41 kg N
: DAP 18-46 826 kg = 149 kg N + 380 kg P205
} Filler 85 kg
1000 kg = 190 kg N + 380 kg P,0,

‘ IX-3.3. Ratio: 1-1,5-0
5 Orade: 22-13-0

Urea 46: 19T kg = 91 kg N

DAP 18-46: T17T kg = 129 kg N + 330 kg 11'205

Filler: 86 kg

1000 kg = 220 kg N + 330 kg PO,

Joen
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Ratio: 1-l-1
Grade: 18-18-18
Urea 46: 229 kg = 110 kg N
DAP 18-46 2391 kg = 70 kg N + 180 kg P205
KCL 60% 200 kg = 180 kg K20
Filler: 20

1000 kg = 180 kg N + 180 kg P205 + 1380 kg K23
Ratio: 0-1-1
Grade: 0-24-24
THP 42%: 571 kg = 240 kg P205
KCL 60%: 400 kg 240 kg K50
Filler: 29 kg

1000 kg = 140 kg P2O5 + 240 kg K20

When using a higher grade of TSP the calculation gives:

TSP 46%: 522 kg = 240 kg P205
KCL 60%: 400 kg = 240 kg K0
Filler: 78 kz

1000 kg = 240 ke Po0g + 240 kg K0

In the practical production of mixed fertilizers these
calculations hsve to be carried out considering the analysis
of each different lot of raw materials.

Compatibility of materials: Not all products can be mixed.

In some caces reaction between the components cause caking or
formation of semi~fluid and sticky products.

Some combinations of materials should be avoided. Handbooks
on fertilizers give detailed information about these problems
and contain compzcibiiity charts which show which materials
should not be mixed,

In our case the most important combinations to be avcided are:

oo/ll1/es
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Urea and Superphosphate

Due to a reaction between urea and monocalciumphosphate-hydrate
water is released and subsequently the mixture becomes sticky.
When ammoniated superphosphate is used there are no problems.

DAP and Superphosphate

Ammonia from DAP con react with superphosphate and as a result
water of hydration is released thus causing caking., When
smmoniated superphosphate is used there are no problems.

Urea and Ammonium nitrate (or ammonium sulphate nitrate)

Trhese two products should not ve blended as the critical humidity
of the mixture is cnly 18%, which means that under practically all
circumstances the mixture becomes sticky in a very short time,

Bags

Fertilizers used in Ethionia ur to now are imported nacked in bazs
containing 50 kg. Bapc used are woven nropylene outer bags, with

& separate polyethylene liner tag. The woven nropylene bag is

made out of extruded tanes, its weight is sbout 120-150 gr. The |
inner liner is made out of P.e. tubular foil of a thickness of )
0.05-0.1 mm.

The liner is heatsesled and thie outer bag is sewed. A 50 kg bag
has dimensions of ahout 65 x 90 cm. These bags nroved to be suites
for the local situation cf storage and transportation. The sealed
inner liner is ain-tight end impervious, whereas the woven cu%ssr
bag is strong. The combination can withstand rough handling and
storage conditions. Secondary and tertiary feeder roads are not
always in a good conditior and part cf the transportation has to
be done using mules and donkeys. Therefore a strong combination
of woven bag plu. liner is a necessity. The disadvantage of this
combination is its high cogst.

Therefore, if the conditions of roads are improved and the plans
to perform this in the vears to come are realised a cheaper type
of bag could be envisaged.

«e/////-..
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There is one disadvantage to the use of woven propylene.
Apparently this material is sensitive to exposure to sunshine.
It then detoriates and loses its strength. Jute bags have a
better resistance to sunshine and have to he considered as a
substitute for polypropylene woven bags.

Alternative tc¢ these bags are:-

Paper bags made out of several layers of kraft paper, som¢ of
them treated with bitumen. Faper “:gs can be open mouth
type or valve bagzs. Paper bass have poor resistance to rain
and should not be used in this country.

Plastic valve bags

These bags are made out of foils (p.e) and have to be filled
on special machines. They are not to be considered as suitabdle
for this country as the valve is not entirely watertight.

Plastic open mouth bags
Made out of tubular foil 0.2-0.4 mm thick, material should be ;
polyethylene. These bags sre also made out of nolyvinyl chloride

but the p.e. bags are to be preferred as p.v.c. is brittle beliow
3°C, its water vanour rermeability is hich and it stretches at hish
temperatures. The open mouth bag has to be heatsealed. Omall
ventholes of 0.2 mm have to be present in order to allow excess

air to escave. This is a very good and cheap type of bag. Its
strength is good, thouvh not as good as a woven bag with liner.

As scon as road and distribution conditions are improved the uco

of this type of bags should be considered. In W/Europe this type
of bag is extensively used and has proved to be able to withstand
transportation ty trucks and ships.

Bags made out of natural fibres

Alternatives to woven nolypropylene bags are those made out of
jute, sisal and other local fibres. These bags are produced in
the country. Costs are mentioned to be !0.90 plus 4% taxes =
$1.0C. Jute and similar bags have a considerable second hand
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value and farmers can use them for transportation of crops

and other products. They are considered to be more useful

than vpolypropylene bags. Plans do exist to produce polypropylene
bags in Ethiopia. The inner liner bags can be nroduced in the
country. Recently modern equipment is installed and there are

no problems to nurchase them in due time. Costs are mentioned
to be $0.20.

At a volume of 100,000 tons of fertilizer 2,000,000 bags and
liners are needed. The outer bags should be printed to carry
the company's name as wcll as the grade of the fertilizer.
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MANPOWER

T

X~ 1, Manpower to run the factory and the handling facili-
ties is composed of two ~;roups.

X- 1.1, The first group is uscd for the unloading of ships

at .ssab-larbour. This hasz to be perforned by
personnel of the Port-futhority, that have to be paid
according to the time spent on uriloadinp. ‘e were
informed that wages are: labourers #1.33% per hour,
foreman »1.13 and clerk $1.75 per hour. For unloading
activities are needed 12 labourcrs, 1 forenar. and 1

. clerk. Hourly wascs anount thus to §19.34 per hour
or »464.16 per 24 hours (Zhapter VI-2.2.0). assuning
that 100,700 tons to be unloaded in 1500 hours costs .
are 429,010,

X- 1.2, The secod group or person-iecl is on the company's
paylist. There are two subgroups, one that is
working in 2 day shift contivously during the year
or seaso’. awl another that works o1 a three shift
basis and whose task is to tra:sport the uwiloaded
materials fron the harboul to the factory and into
the raw material storage. This group is only working

5 : if ships have to be unloaded in assab=Harbour or
': . filler material is to be transported.
X-1.2.1. The pernancat group of personnel consists of:=
1 Manager
1 Accountant .
1 Laboratrry Technician ‘
1 Storekeeper
5 Foreman (3 at store, 1 at the processing units

1 at the bag stomnge and delivery)
3 mainterance workers of which 1 £lectrician and
2 Mechanics
4 Quards (working in 2 ghifts)
2 wWheellosder driv.cs
54 Labourers
In total 72 persong ..




- 126 -

The %4 labourers are distributed as tollows:- (3ee Chap.VII)

Mixing plant 3
Bagging plant 12
Storag~ ard delivery of bags 37
Laboratory (assistiie the technician) 1
Carteen

Wages or these labourars are $150 per nonth.

Total wages of 54 labourers amount to 497,200 per year.
Cne foremaw in the mixing and bagsing units and one in
the bag storage will be in charge of daily operations.

For transportation from harbour to the factory ard i+ito the

raw naterisls 3 forcmen ic necded as this work has to be
perforned .n a 3 shifts service. At a volum: of 100,000 tons
1500 hours arc need=2d (Sec Channter VI-2.2.1). This corresponds
to 63 days, which impliecs that for a rroeater part of the year
there is only a limit.d tust for these 3 foremen. Now one of
them can a2t the sane tine be i charge of the tra sportation

or naterials to the processiug units, 1 task tint has to be
carried with utrmost care. the sccod forenar. of this group
could be in charge of the production of fillers (uee Chapter
X-1.2.2). But at preseut mo defiuite setup can be nadc as

to these operations. To be able to do so detailed informations
from the geologists of the liinistry of lines have to be raceivid.
It has to be investigated whetnor the third foreman could be an
assistant to the latoratory tcchnician. Salaries of foremen
are ;200 for those working in the storage and ;250 for the
foreman in the mixing and bagging plart. Total salaries

anount 412,600 per year.

Training of foremer and of operators in the factory should be
done by the oxpatriitc supervisors during plant erection.

The 4 guards work in 4 shifts. Their tasks is supervision

of in and outgoing p-ersons and vehiclis, operation of the
truck weigher a:d or the fuel station for diesel fuel a8

well as to provide adminiatrative ¢ t: about this antivitics
that can “e procussed at the office. .2m:3 are 4150 per month
Total wages are .7,200/ycar.
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The three techniciang (one electrician and two mechanics and
fitters) should earn 500 a month. Total wages are $18,000

per year. They should be traincd during the ercetion activities

by the expatriate supervisors.

One of the payloaders drivers has a permancent job, the o*her
is only nveded under extreme corditions (Chapter VII=-1.1.3.4).
Work should be arranged in such n way that in idle hours one

of the drivers should do maintenance work on trucks etc.
Possibly one payloader or a similar machine is needed at
fillor quarry. One of the drivers could op2rate that machine
but in such cases he is 0t available for stand-by activities
in the storage. Trainine of wheelloader drivers should be
given by the importer. Wapes are 350/month. Total is
$8,400/ycqr.

The storekceper should keep rccords of all inconing, outgoing

and stored materials s raw materials, empty and filled bags,
fuel, spare parts ote. ile should be in touch with the clerk
from aissab Port Authority who nkes records of urloaded
naterials,  An expericnced rinn should be noninat:d for this
Job. Wages are ,300 per nonth or 43,600 per year.

Three office clerks are in charge of the different tasks in

a factory office under supervision of the accountant. anong

others their tasks include administration of stocks, calcula-
tion of wages, production costs, preparation of invoices ete.
Wages are 500/month, totalling to +18,000/year.

The Accountant is responsible for all administrative
activities. He should advise the nannger and prepare reports
about the course of events in the factory. He should hove

anple experience in the admninistrative activities of a factory.

Salary is ,12,000/per yenar.

The laboratory technician is ir charge of the analytical
control of incoming raw materials ~=d bngs, of the results
of the nixing operations -nd of the outgoing fertilizers.

He is respousible for accurats sanplinm.  In cagse of deviations

fron specifications he should take action without delnay.
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He should rcport to the manager on a daily basis.

Preferably 2 techmicinn expericnced in fertilizor analysis
should be roninated. If such an onployee is not available
an in-plant training in a well equipp=d laboratory specia-
lized in fertilizers is neccssary. Duration of th. training
should be 3 to 6 moiths depending on previous axperiences.
Salary is .€30/month or .8,400 per year.

The factory manager should have experionce in the chemical

or processirm industry and of the overall problems of
ranagoment.,  General knowledse of fertilizer technnlogy should
be welcome 27d a training poriod within industry is eC.:83ary.
. Knowledge of mainterance proc«edurcs, morc spucifically of
preveitive nainteanee systems, is tccessary.  lechno-
. econonical irgisht and a1 business like attitud: are welcome
qualiti_g. Szl wry is assumed to be 318,000/year.

X-1.2.2. The group of personnel in chnrge of the transportation of
raw paterials (assuming a volun: of 100,000 tons) works

for 1500 hrs per year in %2 shifts. ‘Therefore cnch worker
is active for 500 hevrs per year or 63 days (Jee Chap,VI=2.2)
which is about 17% of a full task.

The pgroup concists of 21 truck drivers and of 9 labourers

at th: factory sit:. These 9 labourers are operating the
'. conveylng systen %o transport raw materials broucsht in

by the trucks into the storage.

The tnsks of the three foreumam supervisivg these operations
is discussed in Chapter X-41.2.1. They should be pernanently
enployed. a8 to the 21 truck driv.rs and 9 labourers there
is 1 difficult situation. Tho total strencmth of the daily
employed group of lobourers is 54. It is not possible to
add to or to drew c¢ff 2 greup of 30 man from the pernarn.nt
group of 54. &t tho beet this could be done for the 9 man
operating the coweyi-pg system. However for 21 drivers
there is o place urder normal circunstances.
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However there is one transportation task that ean be
performned by part of the group of 21 drivers nanmely the
transportation of filler raterial to the factory. it
present mothing is ¥nown about the definite site nor
about the naturc of the deposits to be processed (Chapter
VIII-4). llorcover for transportation or: the quarry site
itself from the pit to tho 3crecning scetion tipping trucks
could be used. BEver if all the trucke arc used in those
activities only 7 of tac 21 drivers could be used on the
trucks as work on the quarry is only do=e a2t daytine.
Iloreover only 5000 ton of filler have to be produced in
the Tirst year. (This anouwnt is sradually risine to
13,000 ton in 1980). Ther:fore a limitced number of days
of quarrying, scr. enine and transportatior activitics are
necessary and the quarry activitics can be interrupted
during the days ships are to be unlo.ded. ixact calculations
can only be nade if full details are knowr. about the mature
and the sit: of the deposits. It should be investigated to
employ all the drivers in the quarry.

In our cnleculations of the operatinm costs in Chapter £I
the activitics of thisg group of persomnnel arc considered
only for their active labour being 1500 hours per year at

1 volume of 100,000 ton. (.s m:itioned cach individual
worker is active for 500 hours). The salary costs are
Presented here both on a basis of 1500 hours and on a years
basis. Assuming a drivers salary to be ,300/month the
hourly wages are ,1.40 (1 month = 215 hrs). The labourers
carn $150/month or :0.70 per_”rtour. Therefore when this
persormnel is paid on th: basig of 500 hr costs arc:-

21 drivers, 500 hours at '1.40 = v 14,700
9 labourers, 500 hours at 20.70 = 3,150

Total 5,172,820,
Whon paid on the basis of onc y:ar costs are:-

21 drivers at }%00/month = 75,600
9 labourers at {150/month = 16,200
Total 2.21,800, .

The difference is considerable, however this group
will be enployed in a year's basis.
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J=1.2.4. BSunnary
Table X=1 prescnts 2 sunmary of the personnel nceded:-
r , iCralts~, Fore- CL: 2TKS, MTech: 11-‘ ccoun=] dana— | rot 1
; i Labou='! man | man cian tant ger
3 [rers drivers l {
Unlooding 1n !
Harbour by |
pergoanel of : |
BPQE‘E-J{ut}}ggézyzsz:lgt*faz::z:up::zz::i===1sa & & *- % & F::S::SS k::::.tt:;sj:l_i:::..
Tpangportation :
to storage !
1500 hr/ycar 9 - 21 3 i
~Sub-total & . 211 3 , ¥ -1 o 4
i [
Porsonnel in i I
continuous service i ;
processing 15 . 2 1 - e !
handling of bags 37 - 1 - 58
office 1 . - | - 4 - 1 1 7
workshop - 3 - - - - - 3
laboratory 1 - - - 1 - - 2
Sub-total B o~ 53 2] & 7 d T 7
Igogal':éztzgaI:::::éz:3‘===§§= i z=!== ls‘.a EmE=T=®s = E:::l:zzﬂ:l:::- —292 =_!

He

Total labour costs for persomcl on the

a yaar's basis arc:-

54 1~bourcrs

5 foremen

4 puards
maintenance technicians
payloader driver
store-keceper

office clerks

accountant
laboratory techiicinns
manager

D\

DD D W

niscellaneous
Totnl

factory's paylist on

% 97,200
12,600
7,200
8,000
8,400
3600
18,000
12,000
8,400
18,000
6,000

2892,420,.
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3. The labour costs fcr the personnel in charge of the
transportation of raw natorials from the harbour to
the storage when paid on a year's basis are: #91,800
C. The labour costs for unloading ships that have to be paid

to the Port authority amount to ,19.34 per hour. a8 a
basis of 1500 hours conviyor ivcluding with a volume of
100,000 tons Costs are .29,010.

aAe Personnel on a yoar's basis » 209,400
B. Personnel for transportation 91,800
. C. Personnel from Port Authority 29,010
‘ - Total #3304210. .
& X-3. Accormodations

Ire the long run hnousing provisions near the plant
should be considered for plant operators and other
substantive perconncl. For the tinme teinrg employees
e expected to provide their own accommodation in
town. The company nust provide a medium sized bus.
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CHAPTER XI

Financial Assesements

Introductigﬂ

In this chapter the following items will be treatod:-

Capital costs

Operating costs

Overheads

Alternative coots of import of baggod and bulk fertiliger
Working capital

Cazital Costs

To be considered are the capital costs of;-
i. Equipment for unloading of ships and for transportation
to the factory.
ii. Equipment nceded for processing and for transportation
within the fuctory.
i111. Coste of buildings
iv. Costc of aguxiliaries and utilities

In Chapter VI-2.1 the equipment to be used when unloading
at Assab Harbour ic diccussed. Tho costs ares-

3 grabs fod $ 58,800
freights 5,200

3 hoppers 129,000
$ 94,000

Contingoncies 10%. 9,500

303,500

This equipment i to be operated by personnel of Assad

Port Authorities.

For trancportutions to the factory 8 tipping trucks arc fore-
seen (Chapter VI-2.13), including opare parts.

Coots are $ 480,000 or
when including 10% contingoncies $ 528,000

After 200,000 km. the salvage value is $ 10,000/truck
Thic type of unloading and transport is

limited to a volumc of . 290,000 t/year.
The factory jetty has to be operational in 1978/79. TWhen
unloading at a factory jetty cquipped with harbour crames two
situutionc arc considered (Sce Chapter VvI-3,0)
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One crane is used,
480,000 tons/year.

Two crancc are used from 1982/83 on.

The harbour cranes are movable on rails and discharge

each into s movable hopper,

In this case the maximunm capacity is
This volume is renched in 1981/82.

Trangportation into tho

storage is done by a belt conveyor systen,

Investments costs to be spent in 1978 (on basis of

prices 1974),
1 harbour crane
2 grabdbs
1 hopper
nails

belt conveyor

freight, insurance 15%
port clearing &: = zzx

erection and supervision 129
interost during construction 10%

contingencies 157
Total

In 1982 extra investmento are

1 harbour crane
1 hopper
1 grad

froight, ircurance, port clearing
& handling 23¢

eroction and supervision 107

interest durirg construction 10%

contingoncies 15
Total

5 450,000
66,000
40,000
10,000

700,000
41,266,000

291,000
91,557,000

186,800
31,743,800

174,400
31,918,200

282,200

42,205,900

& 450,000
40,000

—22,000

$ 523,000

120,300
€43,300

64,300
3 707,600

70,800
3 778,400

3%

116,800
3 895,200




11'1020

21‘102010

XI'IQZOZO

- 134 o

Building and cquipment necded for Processing aund transportation

within the factory consists of;-

i. bduilding and equipuent to bring raw materials into

the storage.
ii.
and bagging units
mixing plant including building
bagging plant including building

114,
iv.

¥. building and equipment for storage and handling of bags

vi, truck wedigher

equipment to transport raw materials to the nixing

The storage building for raw mstorials (Chapter vII-1.1.)
\ge ng

i8 calculated to cost

The equipzent contains an underground
hopper + feeder

bucket elevator
belt conveyor
tipping-off carriage
f.o.b.
freight, insurance 15;,
port cleuring, handling 8 = 23%

erection and supervision 127

contingencies 15

interest capital during construction 104

expatriate supervision 2 man-month at
37250 (u$3500)

Total

Equipment to trancport raw materinl to tho
Procecsing units consists of two wheelloaders
at a cost of 184,000 each, delivered at
factory site

Total investments

§ 486,000

20,000
160,000
80,000

22,000
$ 282,000

64,860
1 346,860

‘+1,6‘+o

3 388,500
58,300

$ 446,800

44 700
$ 491,500

14,500
06,000

\n

»
Q

& 168|000
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The mixing unit is described in Chaptcr VIT-1.1.4
investment costs arci-

hopper + discharge belt

bucket elevator (80 t/hr)
screen

lumpbreaker

hopper + swivel sp.ut
four-compartuent hopper

batch weigher

uixer

holding hopper + discharge belt

I N I T I VR W R TR

& 9,000
90,000
50,000
10,000

5,000
16,000
10,000
50,000

18.000

f.0.b. pricej 258,000

freight, incurance, port clearing & handling 23%
craction etc. 12.5%
contingcncies 15

interest during construction 10%
4 man-month expatrinte supervision at 37250

The costs of the building (VII-1.1.5.2.) are

The bagging plant ic described in Vii-l1l.1.5.1.
Investmurts costs nreg-

8y,

Hopper and dischurge facility 1
buck:t elcvator (80 t/hr) 2
double deck screen 2
lump breaker e
feod hopper for weigher 2
duplex weigher including filling spout

and electrical control cquipmont e
slat conveyor e
heat sealer 2
sewing machane e
ventilation e
air compressor 1l

fob,

22,240
4 317,340

39,660
3 357,000

22|600
* 410,600

41,400
29,000
3 u81|ooo
3 _20,r00

3 10,000
160,000
130,000

20,000
10,000

90,000
16,000
50,000
16,000

6,000

2,000
3 510,000
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freight insurance 15% + port clesring,
handling 84 = 23 3 117,300

¥
O
N
~3
w
3

erection etc. 12.57 ZB,#OO

L+
~)
(o]
»
~)
8

contingencies 157 105,900

interest during construction 107 81,200
6 mon-month expatriute supervision at $7250 = 43,500
Total 3 936,300

The costs of the building (VII-1.1.5.2) are % 70,000

In Chaptor VII-Annex 5. sceveral types of transportation

and handling: of bags werc diccuescd. It was schown that

manual trancportation and uce of mechanical piling

equipment wgs tc be preferred. Investments costc ares=-

Building (Chapter VII-1.1.1.6) v 325,000
The equipuent nevded is described as well
in Chapter VII-Annex V. Investment costs arei-

Qty.
wheel harrows Lo o 2,k00
movable Belt conveyor for piling 2 50,000

3 52,400
contingoncies 15% 7!900

Total 3 60,300
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“o weigh in and outgoing materials as well as outgoing

bagged fertilizers a truck weigher is needed:

Inveatment costs are:

1 truck weigher f.o.b.
frolght,insurnnco,port handling and
clearing 23

erection etc. 1°,5%

contingencies 1%

Total

Htdlitiss and auxiliary asrviges are discussed

in Chapter VIII,
The investments for these services aret-

Water supply

Power-station

Workshop,building

Workehop, equipment

Facilities for filler production

Office building

Office equipment etc.

Canteen equipment

First aid room equipment

Laboratory equipment

Instruments in storage

Roads, fencing, parking area & gardening
Total

Summary of investments

Unloading equipment

Trucks

S8torage building

Equipment storage building
Wheelloaders

Mixing uhit, building

Mixing unit, equipment
Bagging unit, building i
3agging unit, ¢quipment

s

8,400
5,000
19,500
5,700

198,000
849,600

103, 500
528,000
486,000
506 , 000
168,000
70,000
481,000
70,000
936, 300

—————
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S8torage for bags ¥ 325,000
Equipment for handling of bags 60, 300
Truck weigher 23,900
Utilities and auxiliary services f49,600
Pre-operation expenses etc. 592,400

5,200,000

E 22423+ 533 1 J

Opexrating coste

The operating costs to be considered are those of:

(1) unloading of ships
(11) transportation by trucks
(111) conveying into storage
(iv) conveying to processing units
(v) mixing
(vi) bagring
(vii) handling of bags including loading on trucks
(viii) weipghing of trucks

Costs of transportation from factory to storapges in
the country arc not considered. Bagred fertilizers are
delivered at the factory pate,

It was not possible to make a calculation of the
operating costs of the filler production as at present little
is known about deposits and about their processing. As soon
as details about filler production are available (Chapter
IX-1.7, X=1,2,2) studies about equipment, transportation etc.
should be made,

For the time being *the costs of filler are estimated
to de 10 per ton.

XI-2.1. Cpexating coote of unloading shins. At the harbour site the

ship's gear is used with the company's grabs and hoppera.
Operating costs contain capital costs and maintenance of
equipment as well as labour costs. Labour has to be
provided from Port Authorities and is not on the companies
paylist. ‘lages are averaged for day and night shifts:
Foreman #1.63, Clerk #1.75, labourers :1.33 per hour. Per
hold are needed: 3 man + 1 winch operator (if not provided
by the ship's crew) and on the quai 1 man on the top and

1 man at the discharge of the hopper. Two holds are
discharred simultaneously. One foreman and one clerk have
to be added. GJo total labour is:-
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12 at $1.33 = »  15,06/hour

1 at $1.63 = 1.63/ "

1 at $1.7% = 1275/ "
Total 19,34/hr. or

$ L6k,16/per day (24 hr.)

Capacity is 1760 tons per day, so the wages component in
unloading costs is ' 0.264 per ton.
Investments costs (Chapter XI-1,1.0) are 103,500

Yearly fixed costs are:

Interest on capital 10% 10, 350
Depreciation 10% 10, 350
Insurance 2% 2,070
Maintenance 3% 3,150

Total fixed coatas £ 25,920

Total costs for unloading

100,000 t/year are 126,400 + 25,920
150,000 t/year are 39,600 + 25,920
200,000 t/year are +52,800 + §25,920
290,000 t/year are .76,560 + 125,920

% 52,320 or %0.52/ton '
65,520 or “w0,44/ton
78,720 or 40.39/ton
102,480 or 0.35/ton

Operatine coste of truck tranenortation
A fleet of 8 trucks (Chapter VI-2.,1.3) is needod to meet the

unloading rate at Assab Harbnur. To operate seven trucks on
a three shift basis 21 Arivers are required. The rate of
transportation is 80 tona per hour. On the basis of drivers
wages of $300/month and including 20% of idle time the breek
down of costs comes to 10.147/ton or 10.11/km (300/month

= 31,40 per hour. 100,000 ton or 134,000 km takes 1500 hour.
Total costs :14,700). The drivers will only be occupied for
their normal duties for 1500 hrs. or 62 days to tranaport
the 100,000 tone mentiored., DJee Chapter X-1,2.2., Other
variable costs factors rclated to truckas are depreciation,
fuel, tyrea and mairtenance. One truck costs 460,000
including spare parts. On the assumption of a savage

value of 10,000 after 200,000 km., depreciation comes to
90.25/km. Diesel fuel consumption is calculated to cost
80,12/km (1 1t. to 3 km.) “ith tyres, maintcnance and
miscellaneous costs taken as 0,04, ?0.06 and $0,03

respectively, the follnwing costs per km. are arrived at:-




drivers wages

depreciation

fuel

maintenance

tyros

misccllaneous

variable costs

40611
0.25
0.12
0.06
0.04

0,0%

0.61/km or «0,817/ton

For the 134,000 km distance or 100,000 tons total haulage, the

variable costs stand at 381,740,

intereat on capital and to insurance.

Fixed costs are charged to

The wages of 3 foremen

supervising truck transportation and conveying into the

storage are imputed for 50% to transportation (See Chapter

VII),

of the investments costs respectively.

Insurance and interest are calculated at 5% and 10%

road taxes is included.
(See Chapter XI-1.1.0).

Fixed costs are:

No allocation to

Investments costs are 528,000

Interest on capital 10% 5 52,800
Insurance 5% 26,400
50% of wages of 3 foremen 3,600
» 82,800
Table XI-1 Tranaportation coats
Imports 100,000 ton | 150,000 ton | 200,000 t | 290,000 t
Distance travelled | 134,000 km | 201,000 ton | 268,000 km | 389,000 km
Fixed costs » 82,800 ¢ 92,800 + 82,800 # 82,800
Variable costs $ 81,740 $122,610 163,480 %237,200
Total costs #1164, 540 #205,410 246,280 «+320,000
Costs per ton £1,65 #1437 w123 31410
Costs per km $1.23 91.02 40492 %0.82

Total costs and costs per ton for unloading and transportation

to the factory are:-

Table XI-2
100,000 ton | 250,600 ton | 200,000 t |29@,000 ¢
Unloading 4 52,320 365,520 $ 78,720 | $102,480
Transportation $164,540 3205,410 d246,280 | 4320,000
Total 1216,860 +270,930 $325,000 ~422,480
. Cost per ton 12.17 1.81 11,63 %1.46
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XI-2,3. .srating comts of conveving raw materials into the storage

Investments coasts (XI-1.2.1) are:-

Building »486,000
Equipment 506,000
1992,000

The installed power is 47 HP = 35 K,

Three labourers are needed per shift; two at the discharge
of the tipping trucks and one to operate the tipping-off
device of the beltconveyor. The tasks of the three foremen
are discussed in Chapter X-1.,”.1. 50% of the wages of the
foremen shall be imputed to this entry (See Chapter XI-2,2).
Three shifts of three man and 1500 hours are needed to
transport 100,000 ton, This amourts to 4,500 man-hours
Plus 50% of the activities of 3 foreman (at :200/month).

Eixed cogtg are:

Interest 10% $ 99,000

Depreciaticn building 5% 2k 300

Depreciation equipment 10% 50,600

Insurance 2% 19,840

Maintenance building 1% L,860

Maintenance equipment 3% 15,180
$213,900
zzzzez=:

Variable costa for 100,000 ton are:

50% of wages of 3 foremen at

1200/month b 3,600

ages 4,500 hours at /1,33 5,985

Energy 35 x 1500 = 52,500 KVH

at 0,08 ~4.200

Total 13,785
or per ton 10.14

Table XI-3 presents the operating costs at various volumes.

Tqblo XI-3%
T

100,000 t 50,000 t .| 200,000 t | 290,000 t
Fixed costs 5213,900 523,900 213,900 4213,900
Fixed costs per ton| .2.14 + 143 1407 w0e 7k
Variable costs per
ton -0q 1h £0.1h ‘0. 14 30e 14
Totnl costs per ton. :2,28 1.57 1421 0.88
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Transportation to processirg units

In this case tisnsportetion using payloaders is considered,
Investment costs sre (XI-1.2.) £168,000
Two wheelloader drivers are needed

Operating costs are:

Interest 10¥ * 16,800
Depreciation 10% ? 16,800
Insurance %/ £ 8,400
Fuel ¢ 15,000
Tyres 4 * 6,700
Maintenarce &% ¢ 10,800
Wages 2 drivers at $350/month ¥ 8,400

¢ 82,900

At a volume of 100,000 tons/year (220 days) operating
costs are £0.83/ton and at 200,000 tors in 330 d2ys and
consuming 87,500 extra fuel 40.45/ton

Operating costs of mixing plant
Investments are t481,000 for equiprent plus 270,000 for the
buildirg (XI-1.2.2.). The mixing plart hes to be operated

by 3 labourers; ore at the receiving hopper, one at the dis-

charge of the screer. whose task is the operation of the swivel
spout and the attendance of the cumrunication system., The third
operator ies in charge of the bhatch welgher end ¢f the opvration
cycle of the mixer,

A foreman supervises mixing as well as bagging operations, As
the latter activities have a large volume his wages are imputed
to the bagging costs. Total cnergy is 41 KW (VII-1.1.h4)

Operation costs when run with one shift are;-

Interest on capital 10v $ 55,100
Depreciation of building 5 ¢ 3. %00
Depreciation of e, ipment 10¥ ¢ 48,100
Insurance 27 st11,020
Maintenaice building 1~ ¢ 70u
Maintenar ce equipment 14,430
Wages 3 labourers at §150/month ¢ 5,400
Energy 41 Xw during 7 hr. 330 days at $0.08 ¢ 8,860

$147.110

TTTz==T:=T

At 2 volume of 50,000 tone per year of mixes (100,000 total

production including straighte) costs per ton are 22,94
At & volume of 100,000 tons of mixes (2 shifts; extra
wages + erergy 314,620) $1.61
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XI-2.6., oOperating cocts of brgging plant

Investments costs are $936,300 for equipment and

$70,000 for the building (XI-1.24)

The bagging plant is operated by 12 labourers and one foreman

with technicel knowledge. 1Installed power is 35 g

Operating costs are:

Interest on capital 10¥ +2100,630

Depreciation, building % 3,500

Depreciation, equipment 10w 93,630

Insurance 2¢ 20,13C

Maintenance, building 1¥ 700

Maintenance, equipment 4 37,450

Weges 12 labourers st $150/month 21,600

Wages foreran at #250/month 3,000

Energy 35 K7 during 8 hr. 330 days at £0.08 74390
Totel £288,03n

At a volume of 100,000 per yesr of:

bagged fertilizer costs per ton are: $2.88

At a volume of 200,000 tons (2 shifts; extra

wages 4+ energy $31,990) $1,60

XI-2.7. Qperation costs of bag storage and handling

In Chapter VIT - Annex 5 details are given about transportation
of Lags to storage end of loading in trucks, It was shown that a
combined use of manual labour and piling equipment is the best
choice,

Investrents are (Xr1-1.2,5): bullding ¢325,000; equipment $6@,300
of which $57,500 mechanicel equipment nnd $2,800 wheelbarrows,
Labour consiats of 40 labourers snd 1 foreman. Energy consumption
is 15 xw.

Operating costs are:-

Intereet on investments 100 t 38,530
Depreciation, building 5 16,250
Depreciation, equipment 10 5,750
Depreciation, equipmerc 200 560
Insurance 2’ 7,700
Maintenance, building 1% 3,250
Mainterance, equipment # 1,810
Flectricity 15 K% during 8 hr. 330 days at £0,08 2,110
Wages 40 labourers at 2150/month = ,000
Wages 1 foreran st $200/month 2!400
Total *144 96
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When 100,070 tons 2re hondled costs are ¢1.50 rer ton. When
volume is .'00,000 two shifts sare needed., Extras costs for wages

+ energy are #74,400. (csts per ton are 1,10,

XI-2.8. Qpersting costs of truck weigher
Investment costc are $23,900 (¥I-1.2.6)

No extra persornel is needed to operate the weigher. The gate=-

keeper csn do this .sork, Operating costs ares-

Interest on capital 10¢ 2,390
Depreciation 10 2,390
Insurance 2’ L&0
Maintenance ¥’ 720

Total 15,98
For 100,0C0 “ons costse per tor sre $0.06
For 200,000 tune costs per ton arc $0.N3

(Because as well in-snd cutgoing raterial is weighed
the dcuble volume passcs the weipgher, However costs are

imputed to outgoing products for the sake cf simplicity,

XI-2.9. Summary

Costs for investrents and opcration of handling and storsge
of raw rateri=ls, of pixing snd bageing unite end of storage

and handling of bagged products are summarized in table XI-4.

Table XI-4
Operating costs per ton
100,000 ton/year | 200,000/ton
Unloading of ships $0.52 $£0.39
Truck transport 1.65 1.23
Storage in 2.28 1.21
Storage out 0.83 0.45
Miwdng operations 2.94 1.61
(50¢ of volume)
Bagging cperctiona 2.88 1.60
Bag handling end storage 1.50 1.10
Truck weigher 0.06 0.03
e cmmmmmisimeen Lofr2.67 b e7.62
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Fillers

operational costs for filler could not be made ss very little
is known about their production. A cost price of #10 per ton

is assured in our further celcul=ticon.

Overherds

Overhenads cortnsi. costs of rrragement, administratior, isboratory,

utilities. Thecse costs are composec of:-

(1) intercst on inveatrerts
(ii) depreciation
(iii) insurance
(iv) rmaintensance
(v) salaries
(vi) ereryy

(vii) staticrery, ctemicals etc,

Chrpter T-1.3 givee 2 survey of the fdifferent items, As
raintern~rce of the factory is alrendy colculated in the
operatire costs ~rd agc filler production is not to be considered

(XI-2.,10), the total invcstments tc be considered are $445,600,

0f this sum $258,000 ~re for tuilding 2nd

civilworks and ¢187,600 for ecouiprmcnt.

Salerics to be corsidered sre thesc the man=2ger, laboratory
technicinn and assistant, accourtrnt, office clerks, store-
keeper, gunrrds 2v4 a cartcer waiter (See Chapter X-l.2.4.),

These solaricrs arount to %75,000

Encrgy will be 10¢° (9 losces in power station, 5 for lighting)
of total instzlledpower of 126 XKV, so say 13 KW, Costs of
stationery, chemic:ls sor the latcratory etc. nre estimsted to

be #£10,000 per vear,

Qverhead costs are:

Intcrest on irvestrments 1°F ¢ 44,560
Depreci~tion cf buildire ctec. & 12,900
Degreciction ¢f caudprent 107 18&,7€0
Irsur-rncc 2 8,910
vedrt naros of eoaiorert % 5,630
Meirternsrce 20 tiilding 1 2,580
S=laries 75,000
Frergy 13 K™ durine £ rrs 365 days =t *0,08 3,040
Matcerinls 10,000
Mivecellur our (trpavel, corrurications) <4000

1103,

Ho
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XI1-4.1,

Alternotive costs of productiorn of begs vs, import of bagged

fertilizer

Fertilizer prices

For the semason 1974/75 fertilizers are imported ir Fthiopia,
Part of the fertilizers obt=ired were supplied at reducad
prices through F.A.0., part were purch sed at wcrld rarket

prices, FPID inforr~d us that prices for booeed products are:-

DAP (13850 ton), cif igest, E#958,06/mt from U.S.A., March 1975

Urea (3000 ton), ~if .scab, F#958.50/~t fror Kuwait, Decerboer 1974
Urea (2500 ton), cif Assab, REE6G,00/rt fror Italyv, warch 1975

20-20-0 (800G tor) cif isanb, F4663,87/rt from Gorrany, Jar /March /1975
BASF infor zed us thot the price of Sulphate of Armonia (SA) in brgs
cif Asseb 15 DM525 - [#hr2,Mt oni that of

15 =15 = 15 (FPK) i: bags cit Asesab is nv 242.50 - 569,

The difference in prices cif Assat of barped seainst bulk
fertilizer is cormpos«d ~f 1, cost of bars

2s cheaper frcight conts for bulk product,
It is surposecd thrt costs of btaps sre v§1,20 or Et24/per ton.

Freight costs v=ry consideranly as they depend largely on supply

end derard of shripnments,

AIMS inforrned us that ir the middle of 1974 freight costs USA
(Gulf Area) tc Assab were US$67 and 7S50 respectively for
bagged and bulk fertilizers. The difference is US#17 or about
Ef35.-. Including savings on bags total savings arc E§59 per nt.
However it has to be kept in mind thet the current high freight
costs right go down. fssuming =2 differsrce for freight of
bagred and bulk fertilizers of US®*10 or E?21l, total savings
including bags might be Ef45/rt,
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Impert cf bogged fertilizers as bsgging and mixing at Asssb

Calculations were rmade based or the rew raterial prices
rnertioncd above, A saving of Us?*17 or freight costs was assured.
In this way we arrive at the following prices in round figures.

Urea Ef915/ton, DAFP R?825/tcn, SAE$360/ton.

It is supposed that the small ~ ounts of NFV needed (350t/y)
does nct justify irportation of the nceded quantity of pottasiunm
salts (53 t). Therefore for the time being MTK's shall be im-
ported in bags. Derand prcjecticrs for the ye-r 1976 /77 were

used,

In the case of bulk handling, mixing and bngging in Assab factory
overhends of #183,380 were added, In the case of unloading of
bagged fertilizers cverhends wore estimated to be *30,000, being
salaries for " accoun'~nt ($12,000), 2 clerks (%#12,000), of.ice
rent #3,000 ard riscellancous (%7,000),

Flart expcnses are b-s-d ~r d-ta in table xI-4. "xcluding bulk
hendling activitics costs rre 1,049 per ton at a basis of

100,000 ton; at a basis of 113,00C ton plant exrenses ere $9.98/t.

Rulk hrrdling cxpeuses are (XI-2.1. and 2.2):

fixed costs 82,800 4+ 425, 92r = 1108,720;

variable costs "0.264 + *0.817 . #1,@81/ton

An arount of $£2.60/ton, as was provided by A.I.M.S., is used
for tte costs of unloading of bogped fertilizer. The results

of these calculstions rre presented ir table XI-5.

The conclusion is that there are substanti=l profits in bulk
handling, even when no extrs profits for mixing and bagging are

foresecn,

Frcfits on bezsis of the volures to be harAdled in 1976/77 are
$9.35 million,
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Unit Ne PRopeed R. Fulk
fuartity Frice fertilizore fertilizers
cif ¢ r 8

| DiE 72,740 teor ©58.00 69,684 920
(Jn./M-rch 1975) 915.00 64,557,100
ron (Yareh 1975) £69.00 25,1,2,790C
28,910 ton 95500 3,850,750
51 (Uareh 1975%) 402,00 1,045,200
2,600 tor 260,00 936,000
MPK 15:15:15 in bags 570.00 199,500 199,500
250 ton

Trnit (zsts
104,500 ton 96,052,410 90,407, 850
inlonding costs 2,60 271,700 -
Overtords 30,000 183, 380
Roge 33 ©illdicn 1.20 - 2,7¢0,000
Filler 8,380 ton 10.0C - 82,800
Plart cvxpenses
112,88C ton 9.98 - 1,126,540
Bulk handling
fixed costs - - 108,720

variable costs 1.081 - 112,970
104,500 ton fertilizer 96,354,110
112,880 tcn fertilizer 94,738, 260
Lverage costs per tor
in brge (922.10) (839.60)
112,880 ten Q22,10 - 104,086,650

Differernce/prcfit

9,548,390
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XI-5. Yorking Copitel

AID Rerk rode crlcul=ti.rs or the workireg capit:l requirer ents

fer the perisds 1976/77 up te 1980/81. Jssurptisns were:

107/ ~f invested coupit-1 nre iryuted tr~ sp-re ports, resulting
ir tct-1 ecouiprene coste of ©2,420,000; 307 of bulk ster-ge is
alwnys occupied, 20° -f bagead st-paes is ~lwryvs cccupied. 7

quontity of begs sufficient f r tvo mcnths! op-r=ti n is present.d

A quantity Hf filler rmatericl for ~ne roanth orerati'n,.
Aoquontity of fuel fr to- wo ks oprraticn,

One r«nth of operstire ¢ ste

Results were thut werkirg copits] roouire nts are:

1976 /77 »7,081,00C
1977/78 6,805,600
1978/79 £7,014,300
1979/80 £7,202,8C0
1980 /81 *7,420,40C

XI-6. The Research Dep-rtivnt «f ,ID Bank - using the Ronk's

ccrputer - rade sor e ecrnoriczl ev-luations about the pr-ject,

Based on n pericA of cne ye-r °f de~i™ ~nd constructi:n and
cf five yeors of productiin the Mot Fressart w.orth 2t a rate
~f 40" was colculated to be ¢5,201,000.

Tt “ntern2l Return Rote turned -ut t-~ be b, 2>,
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CHAPTER XII

TENDERS

General

XII - 1. Preliminary proposals were asked for different sections of the
bulk handling, mixing and bagging plants. For the main parts,

quotations were asked to the following firms:-

1. Mitsibushi (Japan) s

2. HNissho-Iwai (Japan) x
3. Basse Sanbee~Epi /Belgium)

4. Sybetra (Belguim)

5. Leco, Kentucky (USA)

6. rertilizer .ingineering

Lquipment Cy, vfliscon.g{on (USA) x
/« Chartin Construction It1,

(..ssociated to '.onghora Cy) USA X
8. Voest, Linz (Austria)
9. Screening and fpplication

Lngineering Ltd. (U.h.)
10. ilvan slanch Developuent Ltd. (U.ka)
1. Greif verk (W/Gernany)
12, Libra verk (i/Germany)
13. Klockner Industrie Anlagen (W/Germany)
14, Comprimo (hollard)
15. ltontedison (Italy)
16. oSturtevant (U.h.)
17. HNitsui & Co. Ltd. (Japan)

Eight firms answered that they could not make quotations due to
several reasons as not covered by their activities, being to busy with
other projects. In some cascs the rejections were received after
considerable interest was shown initially. Some firms that initially
were willing to make & turn key job later communicated that they could
only supply separate pieces of . .{pment. 'he construction of these
Parts into a production unit andg its layout had to be done in the country.
As no chemical engincering firm does exiot in this country such a
proposition cannot be accopted. Lor the reasons mentioned the firms 1,

3, 4, 10, 11, 12, 17, 14 Jdropped out.

Firtis Noo 5, 6, 15, 17 2ftcr having expressed their desire to

offer quotations are very much in retard to do so.

Sk s 21:;/ 470 fErre Worenso,,
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Chartim Construction Cy, Como, Texas, USA, sent a useful preliminary

golution satisfying all needs is to be realized soon. Chartim's

bid was relatively low and their set up was according to demands.

Screening and Application Enrineers, Sutton Coldfield, UK sent a

proposal that deviated in many details from our setup. Discussions

are underway, mainly as to the bulk handling and mixing units.

Nisho-lwai, Tokyo, Japan, sen a preliminary proposal of a plant X

glarsware and chermicnls should be obtaine d

that apparantly has been built before in Japan. The plant contains too many
jtems in stainless stezl(even hoppers) and was almost entirely automatically
controlled. Instead of a rotary mixer a gravitational type was proposed.

Discussions are underway to arrive at a less sophisticated setup.

Voest, Linz, Austria sent a proposal not containing any details. A )(

detailed proposal is requested.

Sturtevant Ltd. London UK sent a proposal for two plants ot 20 tons

capacity and were not willing to offer a plant for 40-50 tons/hour
considering this capacity as not technically viable. Negotiations

thereupon were terminated.

As to automative equipment quotations were asked from several firms

most of them having representations in Ethiopia. Tipping trucks of

6-7 tons capacity can be purchased from Mercedes, (W uermany) and

Maz (USSR). From other firms (Fiat) quotations are expected.

Wheelloaders of the desired quality can be purchased from Caterpillar
(Usa) and from Volvo BM (Sweden). ''he later firm makes excellent
equipment, but has no "representa.tlvc in Ethiopia. Fiat is expected

to send quotations within short.

Grabs to be used with the ships' gear were offered by Nemag, Kotterdam

(Holland) and are according to the company's needs.

Ventilation units containing fan, cyclone and bag filler were of fered

by Delta Neu, LillesFrance. These units are very practicable ones
and can be used ncar the spots vherc dust is generated. A wide range
ofunits with capacities varying between 170 and 5,400 m3/hour are
available. Assembling is easily done using flexible ducts even in

an existing installation.

A 'ruck weirher should Le included in the tiral bid.

L d
Laboritory esuipment as well could be delivercd by the final contractor

as far as the mere expensive items are considered. Repular supplies ot

glassware and chemicals should be cbtained through local suppliers.

through loc~l sunplicrs,
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The final bids should contsin the following items.

ulk handliqg}eqpipmeng

liopper to receive raw materials transported by tipping

trucks. This should preferably be an underground hopper fitted

with o device to feed the subsequent bucket elevator. The

top opening of the hopper has to be fitted with a coarse

screen, with penings of about 5 cm square, a sliding valve

should be fitted to the bottom.

Quantity: one

Hopper: capacity is 12 tons (max 18 ton); material: mild
steel] scr:en: steel bars; sliding valve: mild s.eel

Cap 150 t/hr as maximum peak load, normal load 120 t/hr.

Teeder : The feeder should cither be a belt feeder or a vibrating
feeder. .. beltfceder is easicr to naintain. laterial:
mild steel. Drive: Llectric motor closed type (P33 class
pia in 4C0O50 or similar) with appropriate gear box.,

The hopper itseli conld be made in the country using the design

made by the contractor.

Bucket elevator

The bucket elevutor lLus to convey the material from the hopper

T0 a conveyor belt in the top of the storage builing. This

belt is fitted in the trusses of the storage, that has a height

of 15.5 m. The clevator should have ample height to feed the

belt conveyor through a chute. The bucket elevator should be

constructed outside the storage. Its feed cnd should be

constructed in the underground construction mentioned inu 3.,1.1.

Its discharge chute should enter the storage building at a

convenient place.

Quantity: one

vapacity: 120 t/hr with peakloads of lpO t/hr

material: mild steel; chains should b%jmrdene

Drive: Electric motor of closed type (class P.33- Din 40050 or
similar). Gear box with chain drive at elevator head
fitted with back stop.

Horizontal belt conveyor system

A belt conveyor fitted with discharge device should be
construrted in the trusses of the roof.

“he constractor should provide detnils of the conveyor
frare, indicating how it skculd be connect-d to the trusses

of the storrge buildin-«, L should w5 owell pive indications
as to the comstruction of the *russes. ! he tuilding,




XI1-3.2.

-15%~
including the trusses shall be designed and constructed lccally)

The discharge device should bve either

a tipping off carriage or

a shuttle convayor.

For convenience sake both ©ould be motorized for easy shifting.
Both systems can be used and there is basically no preference
for one of them.

uantity: one,

Capacity should be 250 t/hr with peak loads of 300 t/hr (the high
capacity is needed as soon as the factory jetty bccomes operational).
Belt speed should not exceed 1.6 m/sec. Belt should be trough
shaped.

Dimensions: 1length should be such that the 100 m at storage can
be properly filled. The width of the belt should
be about 9CO mm.
Material: Structure: mild steel, kollers with roller bearings.
Belt: rubber with canvas or similar material.
Drives: Electric motors closcd type (class P33-Din 40050 or
similar) with appropriate gear boxes.
Bnergency switches should be provided for.
Mixing Unit
The mixing unit having a capacity of 40-50 t/hr should contain a
feeding hopper, a bucket elevator, a screen, a lump breaker, a
four compartment hopper fed by a swivel spout and fitted with
discharge valves, batch weigher, a mixer that should be of the
rotary type and a discharge hopper. T.V.A. in many publications
and from .n experience of many ycars in a large number of plants
recommends the setup mentioned above. This setup makes it
possible to build a simple, compact and conveniently arranged
plant. More specifically the rotary mixer that has small
dimensions in vertical direction enables a good set up. On the
contrary a gravity flow mixer has a considerable height (up to
10 m) and necessitates the use of a second bucket elevator, thus
adding to high extra costs. rorecover the plant is hadly surveyable

and expensive automation is necessary.
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Hopper to receive raw naterials conveyed by wheelloaders.

The top should be widc enough to match the width of the
wheelloader's buckcty 2.50 r will do,

The top should be fitted with a coarse screen with openings

5 em square. The discharge end should be fitted with

a slidging valve. The shape preferably should be an assymctric
pyramid, if propcrly shaped a feeder device could be
superfluous but in such a case thc height of the hopper might

increasc.

The hopper could be constructed either with the top on
groundlevel (or slightly above) or with the¢ discharge and
groundlevel. In the first case filling is evrsier and quicker,
but an underground construction has to be nnde. 1In the “atter
case thce top of thce hopper should not be nigher than 3 m in
order to allow wheelloaders to discharge. A& ground level hopper
has definitc advantoges., If a fecder to the clevator (3.2.2.)
is necessary this can cither be a beltfecder or a vibrntory

feeder. A belt fecder is easier in maintcnance.

Wuantity: one.
Hopper: Capacity 2.5-4 tons
material: mild stcel
screen: steel bars
sliding valve: mild stecl
feeder (if needed) capacity &C tons/hr
drive: electric motor closed type
(P33 class-bin 40050 or similar)
and appropriate gear box.

The hopper could be manufactured locally.

XII-3%3.2.2.Bucket clevator

This clevator has to convey materinls to the tor of the
building dischargirg onto a scrcen: The height of the
elevator depends on the dimensions of the equipment to follow
and should be determined by the contractor. The discharge
should be closed and connect:d to the screen., A connection to

a ventilation unit, should be provided for.

Quantity:. one
Capacity: &0 t/hr

Jdntrrinl: mild stenly chains should be kardendd,
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Drive: electric motor of closed type (class P33-Din
40050 or similar) with appropriatc gear box
and chain drive at the elevator head. 1itted with

back stop.

XIT-=3,2.3 Screen:to remove lunps
Vibrating screen eithcer driven by an unbalanced
motor or by elcctro magnetic vibrators.
Capacity: 8C t/hr
" Dimensions depend on arive; 1l.40 x 2.80 m nmight
be n convenicent size.  Scroeen should be enclosed
in 2 casinp. Cpeninge chonld be 5 x 5 mm. Discharge
. of on size¢ materinl to swivel spout, discharge of
oversiza to lumpbrealker.
Guantity: on-.
raterinl: frae nild stoecel
screcns: £toinless stocl wire
Driv:. when unb.larced screen: electric moter closed type .

(class P%3-Din 400350 or similar)

XII-3,2.4.Lump breaker

Its function is to brenk conplomerates of grinules that

are not very hard. dammer mills and similar types are

not suitable as they producc very fine product. USuitable

equipment nrc fliail mills and by pretference cage mills.
' wuantity: one.

Material: mild stecl; cage mill bars hardencd.

Capacity: maximum S tons per hour

Discharge: feed back to screen

Drive: iLlectric motor closed type (class P3%-Din 40050 or

similar)

XI1=3.2.5 Four compartment hopper

Volume should be & rn3 per compartment or slightly more
a swivel spout fed from the screen should fecd the
separate compartments. The swivel spout should be hand
operated. Four valves (f>r instance of the sliding
type) that can be operntcu at full discharge ns will as
at dribble discharge should be fitted to the hopper.
These valves should be hend operated, however hydrnulic

or similar operation can be pr-cticnl.,

wuantity: one
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Haterial: Horpere rnild steel.
Swivel spout: mild stec:lj; spout scction: stainless steel.

Valves,sliding part: stainless stecl

The hopper could be made in the country using the design of

the contrnctor.

. 1, . . .
211-3.2.5 A comnunication system operated by the swivel spout 2p:rator

should inform *the payloader driver nnd the labourer at bucket-
elevator 3.2.2 about the type of raw material to be conveyed.
4 light system with 4 lomps of different color is a good

solution. This system can be buildt locnlly.

X1I-3,2.6 Weigher

This is a batch weigher with a copacity of 2.5 tc 3 tons.

The vzlves of 3.2.5 should dischorge into the bin of the veigher.

A scale or ample dimensions, indicating kilograms should b:

conveniently placed to allow the opcr:tor easy control. A

discharge valve nt the bottom of largce diamcter should llow to

empty the weigher in 1 very short time., This valve should be

hand operated,

Jquantity: one.

Material: mild steel, cuntact »art of the hin stainless steel.
Discharge rough: well dimcnsioned open chute nnde

out of rild stecl.

A1I-%.2.7 Mixer

The mix:r should be a rotary one, constantly rotating in the

same direction. liixing and discharging to be effectunted without
interruption of the rotation. Total of miving pilus discharge
cycle has to be 3 min ns a maximum. wviscnarge should be operated
by bringing a specinl shaped chute in downward direction. The
welgher operator operates the nixer as well. 4 small hold up
remaining after discharge does nct interfere with performances.
Quantity: one.

Materinl: mild ste-:l rotating on stecl or rubbor tired wheels
Drive: Flectric motor closed type (class I'33-bin 0050 or

similar) with appropriate gear box.

%11-3,2,.8 Ventilation Unit

To deduct the discharge of elevator 3.2.”. and screen cnsing.

A Delts reu unit could 4o the work.
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Bagging units

Two identical bagging units each of 40-%0 ton/hr capacity

are foreseen. Each unit contains: a feeder hopper, a

bucket elevator, a doublc deck screen, a lumpbreaker, fines
discharge, surge hoppcr to feed the weigher, a weigher
(duplex), n bag filling spout, a heat sealer, a sewing machine
and n slat or belt conveyor. Both units should be built in
one steel construction together with the mixing unit. A shaft
to hoist equipment for ercction and for maintenance purposcs

preferably should be provided for.

The units should be uscd eithir to bag straight or mixed
fertilizers. OUnc of then should mainly be used for mixed
fertilizer, the other onc for straight fertilizers.

Hopper The hopper of at least onc unit should be located in
such a way that thc mixing plant can discharge directly into it.
The hopper of the second unit should be situated in such n way
that in case of break down this unit can be used as well to bag
mixed fertilizers. an auxillary movable belt conveyor could
perform this task.

Hoppers have to be fitted with devices to feed the bucket
elevators. Belt feeders arc convenient. Dimensions of the
hopper as 3.2.1. Hoppers should be fitted with a bar screcn.
Quantity: two

Material: as 3.2.1.

Drive: as 3.2.1

Bucket elevators to convey material to the double deck

screen. The height depends on the dimcnsions of the

equipment used in the bagging plant. It should be

determined by the contractor. The discharge should be closed
nnd connected to the screen; n8poul to connect with a
ventilation unit should be provided for.

The capacity should be 80 t/hr. Dimension of buckets, chains,
drive wheels, drives should be the same as for clevator 3.,2.2.
Spare parts can then be used for each of the thrce elevators.
In fact the capacity is rather high but for simplicity sake it
should be ndvised to have three elevators of thc same type.
Quantity: two

Material: as 3.2.2.

Drive: S 3.2.2.
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X1I-3.3.3, Louble deck screens to remove lurmps und dust having a

XII-3.3.I+.

X1I-3.3.5.

XII-3,3.6.

capacity of about ¢C t/hr. Dirmcnsions depend on type of
drive etcj; 2.20 x 2.50 might be - convenient size in case
of an unbalanced driven typc. hen used with mixed fertilizers
(freshly preparcd) no lumps 7re present and the upper wire
screen can be removed. 1n this case only the dust screcn
(0.6 x 0.6 mr) is used. when the purchas d raw materisls mect
all specifications (see IX-1) and contain no miterinl caught on
screen Tyler 28 or 0.59 mm the screening operation is
superfluous. !lowever in most cnses transportation and handling
arc the cause of formation of dust particles by ~brasion.
Dust separated should?gonveyaichrough n verticnl pipe
(steel or p.e.) to a receptical on floor level.
Uversize should be conveyed to the lumpbreaker.,
Quantity: two
Haterial: frames: mild steel
screcns: stainless stecl wire

Drive: In case of unbalanced typc electric motor

(class P23-Lin 40050 or similar)
Lump breaker
Lxactly as 3.2.b4
Quantity: two

Lurge hopper to weigher

Dimensions will depend on those of weigners and whether
dunlex or single weighers arc to be installed. Most

types Lave sliding plates to be placed in a prefixed

position in order to have 2 convenicnt flow to the weighing
machine. Weighers nnd surge hoppers should be constructed

as matching units.

Wuantity: two

Haterial: nmild steel, outlets eventually out of stainless steel.
Weighers

Capncity has to be 49-50 tons or 800 to 1000 unit loads of

20 kg per hour. .ei,hers have to be of the "net weigher' type.

The best choice genernlly is a duplex weigher were alternatively
one weigher is filled to a 50 kg lond and the other one is
discharged into = funne.. to which a bagging spout is fixed.
Discharge of the weigher is operated by the operator of the
trgeiny sjout. In mout ases overction is pneumatically

¢r electric-lly assicted,
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Quantity: two

Material: preferably stainless for weighing bucket and
discharge valves. For the rest as offered by
renown rmanufactturers,
liowever the experience of the manufacturer should
settle the problems. Therefore a well known make

is very important,

The filling spout with dischurge funnel should be fitted to

hold 50 kg bags. Annex XIII-R gives = description of a
suitable type of filling spout. As thge(inner) bag has ‘o be
heatsealed the inner side of it has to/free of deposits »f
dusts.
Quantity: two
Material: mild steel

discharge funnel: prefernbly stainless steel

Heat sealers

bhould be 7ble to seal polyethylenc bags having foil thickness
of 0.0s5 -4 mm, The senling is performed by two belts made out
of stninless steel or other suitable raterial, both belts having
the snme speed. The belts nrc heated electrically and welding
taken place by pressing rollers. After welding the welds are
cooled. Heating should be thermostatically controlled. belt
speed should be adjustable. The welding equipment should be
adjustable to different bag lengths. 4n additional bag cleaning
unit might be practical.

Quantity: two

Materials: as offered by rencwn manufacturers.

Sewing machines

This item should be able to sew woven jute, poly propylene and
cimilar bags. The height of the sewing head should be ndjustable
to different bag lengths,

Quantity: two

Material: as offered by renown manufacturers,

X1I-3,3,10, Conveyor

A slat or belt conveyor has to convey filled bags to the welding
and sewing machinc. Its speed should be easily adjustable to
meet the performunces of both machines. Guide boards have to
prevent bags from tumbling.,

Quantity: two

saterial: mild steel

if telt conveyor: a rubber or similar belt
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if &lat conveyor: wooden slats on chains

Drive: electric motor closed type (class P33-l'in 40050 or

similar)

Air compressor

An air compressor is needed when bag clamps and other equipnent
are operatecd pneumatically. <Capacity should allow to operate
both units. .. unit able to produce about Z»Om'3 per hour at 4-6
atm will be eatisfactory in most cases.

Quantity: one

Drive: Electrical motor closed type (class P33-pin 46050 or

similar)

Ventilation

The discharge of the bucket eleviators ~nd cf the filling
spouts should be ventilated -s relatively much dust is
developed at these spots. The discharge chutes »f the bucket
eievators c~n either he wentilated by one unit or by two
separate ones. In case onc unit is used c.re should be taken
that piping does not conteain narrow bends and Iarge horizontal
ducts. Two separate units nre easier to operate. Cnpacity
should be about 1000 m3/m nt 60 mm w.g. per unit. lhe filling
spouts preferably should be ventilated by a separate rmall
unit; its capacity should be 45-60 . per hour per filling
spout. Air velocity measured on thc spout where dust possibly
could settle should be 75=100 c¢m per second.

It should be considered to use for thesc purposes small

units that contain fan, cyclone and dust tilter and that cnn
be easily handled.

Some additional equipment as a table near the bag filling
operator to hold n stock of empty bags, wooden devices to
combine inner and outer bags can bc¢ mnde locally.

Harbour equipment

Scparate bids should be asked for ‘hese items. lecessary

are grabs and hoppcrs,.

Grabs should have a capacity of 2m3. As they have to be

used with the ships equipment they should be of the 'one rope"
type. Grab manufacturing is highly spccialized and only

few firms do construct reliable equipment, among thenm are
llemag, Rotterdam, Holland and Denag, W/Germany

wunntity: three
Material: mild steel,
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Hoppers

Hoppers should hnve a wide enough opening to be loaded with
grabs and be heigh enough to enable trucks to be loanded. A
suitable type was used at .ssab-Harbour by thiopis
Amalgamnted. This hoppers can be made locally.

Quantity: three.

Material: mild steel

Automotive equipment Tipping trucks %o convey raw nmaterials

from the harbour to the factory are needed as well as wheel
loaders for transportation within the factory. Poseibly a
wheelloader or a loader on tracks or a similar machine wi'l be
necessary at the filler quarry. Unless morce details are

known nbout thic juarry it Is not possible to specify the needs

Tipping trucks with cnpacities of ’7m3 or 6 tons are considered

to meet the needs. Several firms do import these items(F.ul,
Ethso, Mercedes etc.)

wuantity: eight,

Wheelloaders

Capacity should be 1.2-1.4 ton per lowde Bucket width should
not exceed 2.4 r, Inported arc Caterpillnr, FIaT-illis. Very
good loaders at reasonanble prices are made by VOLV(., Sweden but
as apparently they do not have a representative in ithiopia there
might be maintenance problere,

Quantity: two,

Material_ for handling pagged fertilizer., They include

belt conveyors and movable belt conveyors for pilirg purposes.

Wheel barrows that can carry 4 bags on top of each other arc

foreseen for transportation of filled b~gs to nnd from storagc
and for trancportation to trucks. They can be purchased locally,
Quantity: forty.
Piling equipment

Fither a belt or n slat conveyor that can be easily adjusted to

different heights of piles is needed. Maximun heigh*t of piles

is 5-6 m.

Quantity: two.

Either rubber belts with special profile or wooden slats are
required.

Drive: electric motor closed type (class P33-Din 40050 or

similar) with suitable gear box.

|
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Laboratory equipment

In Chapter 7I1i-6-4 equipment needed is mentioned in detnail.
Apparently no traders in thc country are denling with these
items. The most convenient way to purchase these items are
through the intermediate of the mnin contractor. However,
this will not be the cheapest way. Contacts with university
laboratories und sirilar institutes might result in joint

activitics. Ccsts will then be lower.

Truck wcigher. JShould be able to weigh trucks and trailers

up to 22 tons loads. “refersbly this iter: should be an
electronic typc. using specinal measuring elements.
Buildings

The fcllewing buildings are neceded.

kaw material storage.

Bagged fortilizers storage

Office building

Building for mixing and bagging units.

kaw hnterinl storapre

In chopter Vil-.mnex 1. this building is described in details.
Type L-II is the best solution.

This building contains trusses that have to be shaped in such
a way that the belt conveyor mentioned in «1I[-%2.1.3 can be
assembled in thesc trusses. Details should be given by th.
contractor dealing with the belt convcyor.

The building contains L-shaped concrete wall sections.

The design and construction of the building should be carried
out by local contractors,

Bagged fertilizer storage

This building is described in Chapter VII- .nnex 5.

1t can be designed and contructed by local contractors.

Office Building

This office is dealt with in a general way. A detailed layout
should be made by 2 local desipgner. Construction should also
be made by = locrl contractor.

Building for mixing and bagging units

Lssentially this building is a steel structure designed ton
contain the equipment. lherefore the contractor dealing with
the equipment items should design the stecl structurc. The
structure preferably should be nade in the country, using
drawings purchascd by the contractor. It should be ritted

with sidings 2nd roofing made osut of corrugated asbestos cement,
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Roads and fencing should be designed as soon as details about

th: site are available. Construction is to be done by local
contractors.

Misci:llaneous

Bidding documents should be drawn up in a clear way to avoid

misunderstandings and ambiguous interpretations.

The "Guidelines for procurement....” used by the I.b.R.D,

contair valuable information for bidding documents.
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Annex A

Terms of Reference

Project ETH/73/009

Ertoblishment of a Fertilizer Dulk Handling, Mixing and Boagging Plant.

1« Mixing and Bagging Plant:

T¢1.17. Determine capacity of the mixing and bagging plent
including storage required based on the information

as regnrds demand to be provided by the «ID Bnnk.

1.17.2 D2termine type ond size of stornage and production
buildings.
1.7.3 Determine type nnd quantity of equipment nceded for

storage, mixing, bagging nnd internal transport.

t, TeToht Detsrmine capital costs of the nabove items.
Te145 Recomnend nlternntive technologies keeping in mind the

use of labour intensive methods.

1.1.6 Mzake the recomnendations in such a way that expansion
of the plant at a later stage to meet larger output
either from imported from locnlly purchased fertilizers

be possible,

1.2 Specify the type of bags required for the operation and compare
the zlternative of inporting them with the nlternative of

manufacturing them domestically,

2. Port Site Study:

b

2.1 Evaluate the availcble utilities.,
2.2 Study port storage facilities (temporary).
2.3 Study unloading and transport facilities presently existing

at the port,

Study sensonnl fluctuations in ship arrivals.

Study future plans for port expnnsion

[ASIEEEAV) rn
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Select a suitable site for the mixing plant, with due considera-
tior. to distance from public utilities, highvays, as well as
size of the plant, and possibility of using the same site for

a complete manufncturing complex some time in the future.

2.7. Study the possibility of having ~nother independent berth.

2.8 Study the alterrn-tive of loczting the pl-nt inland.

[ooe




bt A“\2 -

3¢ Unloading ~nd Transport Facilities:

3.1 Study the policies of the Port Authority with respect to

unloading ~nd tr-nsport fncilities.

3.2 Study the various methods of unlonding nnd transport fertilizers
in btulk, as outlined below, in the light of finr~ncial implica-

tions as well ns operating rnd rnintennnce requirements,

3.2¢1 Unloaiing by ship's own derrick cisne and transport

by trucks equipped with appropriate containers,

3.242 Unlonding by suction pump and transportation thrcugh

pipes or op>e conveyor belt,
3.2.4 A ecmbination of bucket conveyor and piping systemn,
. 342.5 uJther Methods.

343 Study the possibility of using the salt works' facilities.

+4, Inland Transport and Storage Facilities:

L,1 Assess the logistics and difficulties of transporting fertilizer
from the vort into the interior, with special emphasis on avail-

ablity of trucks and freight charges.
L,2 Assess existing inl-nd storage facilities for fertilizers,

4,3 Undertzke a systems study to determine (in relation to proposed
facility capacities at port and plant site) the optimum truck
fleet for transporting bagped fertilizers inland and also

. additional inland storage facilities,.

5. Utility Requirements:

5.1 FEstimate electricity, fuel, water, etc. requirements, consumption

per unit of output, and cost,.

6. Manpower and Troining Requirements

6.1 Estimate rcquirements for each capacity level considered and
give breakdown into skilled, unskilled, technical, managerial,

national nnd foreign (if any),

6.2 Estimate training requirements nnd costs, and work out a
9

training programe.

63. Recomnend npproprinte ways of acquiring know=how and/or

technicnl ekille, if this is concidered necessary.

/.'.
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+7. Workers' Residence:

7«1 Compare the desirsbility of building employees' residence
at the plant site with the alternative of providing then

with tronsport services and suggest whichever is nore econonicas,

+8, Specifications:

8.1 Prepeore detailed specifications for all equipment 2nd facilities
(Ir~luding all storage facilities and “interns1" transport s stens
among different p'rts of the plant) preposed nnd indicate the

"equipment/plant perform.nce" gu-rantee to be required,
8.2 Prepnre detailed invitntions to tender.

8.3 Suggest a list of possible prospeccive bidders.

' +9, Dravings:
9,1 Prep:.re prelininsry drawving indicating proposed arrangeunient of
equiprient nnd mnachinery, facilities, building, shoving the tie-in

with transportation and materinls hondling equipnent.,

+10. Inplementuation Schedule:

10,1 wuwstinnte carefully iupleuent :tior schedules, showing the flow

of project work up to entry into operrtion of the project.

10.2 Trepare a commissioning procedure specifying the trial tests
to be carried out upon completion of the project to ascertcin,
before final acceptance, that the plant will perform according

to specifications,

‘+11. Fixed Investment Cost Lstinates:

+11.1 Cost of 1lnnd nnd land improvenents.

+11.2 Cost of access ro:d

+11.3 Cost of buildines, broken don inte fictory, stornge and office
buildings.

+11.4  Cost of machinery and enquipment, broken down into CIF, port
clenring chirges, b~nk tharges, handling nd cost of tronsporting
to site,

+11.5 Engineering -"nd instnli-tion costs broken down into foreign

exchange nnd domestic currency couponente.

+11.6 Cost of trucks det-iled ns in (11.3) ~hove,

/ooo
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+11.7 Cost of office equipaent na furniture,

11.8 Pre-operntion cxpenses: weres nnd st leories, other administr-tion
costs, training costs, company formntion expensee, consultants'
fees, interest during construction period (if ~ny) stort-up costs,
etc. Show ench sepn ately nnd broken down into domestic cnd
foreign currency.

11.9 Replnacewment investments by type of assct «nd by year,

11.10 Provision for possible cost over-runs (duc to possible quantity
and price increase,

+12 Operating costs:

+124.1

Variable Costs Douiestic Foreign
Curreucx Currcncz

12.1.1 katerials
12.%.2 Bzgs
12.1.3 Production labour
12.1.4 Llectricity
’ 12.1745 Fuel
12.7.6 inter
12.1.7 Steam
12.1.8 Repiir and haintenance:
Plant

Trensportstion systenm
(fror ship to pl-nt)

Trucks
1247.9 Transport
12.1.10 Others

12.2 Fixed cnd Semi-Fixed Costs:

12.2.1 Supervision personnel
‘ 12.2.2 lanagement personnel

12,2.3 Interest (if any)

12.2.4 Insurance

12.2.5 Rent (if any)

12.2.6
12.2.7
12.2.8
124249
12.2.10

Selling expenses

Telephone, etc,

Legal and nudit fees
Depreciction and anortisation®
Others

@ Give dectailed, separnte schedules,

+ Assistance fron the econoric deprrtment or the legal department

or the engincering deprrtrent ef the .ID Bank is required,

[ 4
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13. JWorking C-apital Requirements:

13.1 StocEg:

12.7.17 Unbagged fertilizers
13.17.2 Bagged fertilizers
13.1.3 Bags

13.1.4 Spare parts

13.1.5 Other stocks

Receivables (credit sales), if any.

Preprids (insurance, utility deposits, etc,)

Minimum c~sh balernce.

Addis Ababa,
19 Septenmber, 1974
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Sealing of opern mouth plastic bags

Sealed plastic bags offc¢r nany advantages; they are
relatively cheap andi a water and airtight closure is
easily obtained. Particularly if products are hygro-
scopic and are t- be used in wet climates scaled brgs
are preferable to all other types of bhapses Sealed bags
are either used as such in which case foils of about
0.2-0,4 m shonld be used or are used as liners in wover
bags (Jute | kan:ff, polypropylene), then a foil thick-

ness of 0,05-0,1 rn preferably is used.

Polyethylene is the best material for a plastic bag;
ps.Ve.c. has a 10 times higher permeability for water

vapour and tends to be brittle at temperatures below 4%,

air tightness of scaled plastic bage is that perfect that
it is necessary to make some holes in the bags in order
to allow excess air to cscape. These hsoles have to be
punched near the upper end of the baes; their diameter
have to be 0.2 to 0.3 mm. Carc should be taken that the
ventholes are not mede by pricking holes with a ncedle.
In that case tearing of the plastic foil might occur.

If cxcess air cannot escape, expansion of air by hecat
blows up the bag and prevents stable piling of bags and

consequently piles may collapse.

The most important condition to make perfect secals is
that the surfaces to be sealed are perfectly clean and
free cof disposal ¢f dust. The bap as it leaves the
factory is very clean.  Only during filling operations
it can be contaminated ith dust., Two measures to
prevent contamination hive to be token,

(a) The product tc be barged has to contain only
very small ousntities of dust.

(b) The filling spout must be constructed in such a
way that dust dispos:l on the inncer si’e of the
bag is prevented, Tle second condition is the
most important one.

Soees
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I made (1973) a study on fertilizer production problems
at Maroc Chimie Factory in Morocco. Maroc Chemie had planned
to bag fertilizers (L.i.P and others) in open mcuth p.e. bags

to be heat-sealed.

Equipment contained a Libra heat-scaling machine (W.German
make) and a simple filling spout. Ilo dust was removed from the
product to be bagged by screcening. Maroc Chimic never succeeded
to produce properly senled bags ancd finully they ahondoned the

project.

Now from e¢xperiences during many years I know that the
Libra sealer is an cxcellent picce . f equipment providing caean
dust-free surtaces arc presents If so therc is no problem to

produce continuously millions of bags without fnailures.

As to (a) it can be said that most manufacturers of
fertilizers deliver products with a very low percentage of
dust and when ordering fertilizers it should be specified that
no proiuct passing a sicve of 20 Tyler or C.9%9 mm is present.
But it nust be kept in mind that during transport and unloading
activities nbrasion takes place and Jdust is formed. Therefore
it is ol great importance to remove the small quantities of dust
before feeding the material to the weighers. This has to he
done using a screen with a gauze of 10 x 1.8 mm. The fines
amount as a maximum 193 but in the majority of cases it will
be far less. These fines present-apart from its granulometric
properties-excellent fertilizer material. They should be sold

at a reduced price,

As to (b) a special spout has to be used, there do
exist scveral types of filling spouts that are constructed
is such a way that dust cannot te deposed on the inner surface

of the plastic bag.

One of the good filling spouts is that of Haver and Bocker
(Oelde. W. Germany). Such a fillirg spout has been offered to
AID Bank by H & B on 16th October 1974, The machinery contains
two jaws shaped in the form of a bird's bill. These jaws have
a width of 320 mm. After placing the bag the jaws are opened
and the bags are pressed against rubther-clad bars. So the part

of the bag between jaw and bar is protectcd from dust disposal.

[eoe
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The filling spout itself is a c¢ylindrical tube surrounded
by a ccncentrical tube thut i3 connected to a ventilation
circuit. The air passes the unprotected aren of the bag
in downstream direction and escapes in the concentrical
ring, taking away possible dust particles nnd thus preventing
them to scttle on the plastic bag. rir velocity has to be
75=100 cm p:r second on the spots where possibly dust cculd
settle. 1A fan +ith a capacity of 45-60 mB/hr will do; a
cyclone and a dust bag complete the ventilation unit,
Very compact ventilation units -.ce built by
btablissencnts lieu, Lille, France (Delta llcu ventilation
units).

Fig 1 gives a sketca of the H & B filling spout.

A8 to the heaseals: (of Libra) there are some details to be
mentioned., In th.s type of svaler the s¢aling proccdure is
based on euntact rent by pressing heated plass fibre or
strinless steel t 1lts townrds the tup of the plastic bag to
be closcd. The t. 1ts nrc mude of 50 mesh (0.2¢ min) woven
gauzej; stainlees steel wire r 0.2 um thickncss being used

to wave the belt.! The elts are coateuw with toflon. 'Theses
contact s:aloers can be uced 91 a wice varietly of foil thick-
ness. There do exist scversl types of reliable heat scalers
based on the same principle (az the Doboy scaler «nd others).
Sealers basecd on radiant heat are offeredj apparently they
cannot be used with foils having a thickness of 0.05=0.1 mm

which is the thickness of the usual liner bag.

To ensurc that sealing is done properly bags should be submitted
to a falling test. Test DY59-4BT.A.S.T.!. dictates six successive
free falls from a height of 1.50 m. After ¢ach fall contents in
the bag should be arranged evenly. he bags should not ve
ruptured in this test. Sce: I.3.MJ.A. 3rd teehnicul and
agronomical meeting, Streca 1969. Fapor Asl PiF/67, Versteegh

and Van Den Brink,

/-o-
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Bags made out of p.e. foil of 0.2-0.4 mm thickness are
widely used in W/Furope. These bags have no woven outer
bags. They are reliable and withstand heavy conditions
as transport per seagoing ships, trucks and intermediate
storage. llo hooks should be used on these bags, however
the same applies to woven bags with p.e. liners. The
above mentioned single p.e. bags should be considered
seriously after a thorough investigaticn of handling
conditions between factory and farmer. Single p.c. bags
are considerably cheaper as compared with combinations of

woven bags and linerse.

This is essentially a version of a report made in 1973
on bchalf of the Moroccan Government for the Fortilizers
Work "Maroc Chimie" in Safi (Morocco) (UIIIDO T.C.D. 249;
Rapport MNo. 7) November 1973,
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